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(m) Amino acid derivatives. 
© Compounds of the formula 



R 2 R (0) ^ 

< R 1 -^ CO CH .CH 2 -N h 

00 U JST \5 L 9 



CO 
CO 



P a 5 V 

wherein R< represents alkoxycarbonyi. aralkoxycarbonyl. alkanoyi. cycloalkylcarbonyl. araikanoyi. aroyi. 
heterocyclylcarbonyl. alkylsulpnonyl. arylsulphonyl. monoaralkylcarbamoyl. , cmnamoyl or a-araikoxycar- 
bonyiammoalkanoyl and R 2 represents hydrogen or R' and R 2 together with the nitrogen atom to «n,c- rev 
are attached represent a cyclic imide group of the formula 



<8f0x Coov Centre 



r 
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o 

in which P and Q together represent an aromatic system; R 3 represents alkyl. cycloalkyl. aryl. aralkyl. 
heterocyclylalkyl. cyanoalkyl. alkylsulphinylalkyl, carbamoylalkyl or alkoxycarbonylalkyl or. when n stands 
for zero R 3 can also represent alkylthioalkyl or. when n stands for 1 . R 3 can also represent alkyisulphonylal- 
kvl- R* represents alkyl. cycloalkyl. cycioalkylalkyl. aryl or aralkyl: R* represents hydrogen and R 
represents hydroxy or R» and R« together represent oxo; R' and R« together represent a tnmethyiene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylam.no or acylam.no or ,n 
which one -CH* group is replaced by -NH-. -N(a.koxycarbonyH-. .N<acy.)- or -S- or which carnes a fused 
cycioalkane. aromatic or heteroaromatic nng; and R* represents alkoxycarbonyl. monoalkyicarbamoyi. 
monoaralkylcarbamoyl. monoarylcarbamoyl or a group of the formula 

NH >C0 



in which R'° and R' " each represent alkyl: 

and the.r pharmaceutically acceptable aad addition salts inhibit proteases of v.ral ongin and can be used as 
medicaments for the treatment or prophylax.s of viral infections. They can be manufactured according l0 
generally known procedures. 
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Amino Acid Derivatives 



The present invention is concerned with amino acid derivatives. 

The amino acid derivatives provided by the present invention are compounds of the general formula 



R 

I 



R 

I 



TV 

— N 



9 



wherein n stands for zero or 1: R' represents alkoxycarbonyl, aralkoxycarbonyl. alkanoyi, cycloalkylcar- 
bonyl. aralkanoyl, aroyi. heterocyciylcarbonyl. alkytsulphonyl. arylsulphonyl. monoaralkyicarbamoyi. an- 
15 namoyl or a-aralkoxycarbonylamino-alkanoyl and R 2 represents hydrogen or R' and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 



I N 

V 



Q 



m which P ana Q together represent an aromatic system; R 3 represents alkyl. cyclcalkyl, aryl, aralkyl. 
heterocyciyialkyl, cyanoalkyl. alkylsulphinylalkyl. carbamoylalkyl or alkoxycarbonylalkyl or, when n stanas 
for zero. R 3 can also represent alkyithioalkyl or. when n stands for i . R 3 can also represent alkylsulphonyiai- 
kyl: R* represents alkyl. cycloalkyi. cycloalkylalkyl. aryl or aralkyl: R s represents hydrogen and R s 
represents hydroxy or R 5 and R* together represent oxo: R 7 and R' together represent a trimeihylene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamino or in 
wnich one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonyl)-. -N(acyl)- or -S- or which carries a rused 
cycioalkane. aromatic or heteroaromatic ring; and R 3 represents alkoxycarbonyl. monoalkylcarbamcyi. 
monoaralkyicarbamoyi. monoaryl- carbamoyl or a group of the formula 

NH CO 

—CO CH NH R 11 



in which R 10 and R" each represent alkyl; 

and pharmaceuticaily acceptable acid addition salts thereof. 

The compounds of formula I and their pharmaceuticaily acceptable acid addition salts are novel ana 
possess valuable pharmacological properties. In particular, they inhibit proteases of viral origin and can oe 
usea in the prophylaxis or treatment of viral infections, particularly of infections caused by HIV ana other 
retroid viruses. 

Objects of the present invention are the compounds of formula I and their aforementioned salts oer se 
and for use as therapeutically active substances, a process for the manufacture of said compounds ana 
salts, intermediates used in said process, medicaments containing said compounds and salts, the use of 
said compounds and salts in the control or prevention of illnesses, especially in the treatment or proohyia-xis 
of viral infections, and the use of said compounds and salts for the manufacture of medicaments f cr ;ne 
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treatment or prophylaxis of viral infections. 

As used in this Specification, the term "alkyl", alone or in combination, means a straight-chain or 
branched-chain alkyl group containing a maximum of 3. preferably a maximum of 4, carbon atoms such as 
methyl, ethyl, n-prolyl, isopropyl. n-butyl. isobutyl. sec. butyl, tert.butyl. pentyl. hexyl and the like. The term 
5 "alkoxy". alone or in combination, means an alkyl ether group in which the term "alkyl" has the significance 
given earlier, such as methoxy, athoxy, n-propoxy. isopropoxy, n-butoxy. isobutoxy. sec.butoxy, tert.butoxy 
and the like. The term "cycloalkylalkyl" means an alkyl group as defined earlier wnich is substituted by a 
cycloalkyl group containing 3-3. preferably 3-6. carbon atoms such as cyclopropyl. cyclobutyl. cyclopentyi. 
cyclohexyl and the like. The term "aryl", alone or in combination, means a phenyl or naphthyl group which 

to optionally carries one or more substituents selected from alkyl, alkoxy. halogen, hydroxy, amino and the 
like, such as phenyl, p-tolyl. 4-methoxyphenyl, 4-tert.butoxyphenyl. 4-fluorophenyl, 4-chlorophenyi, 4- 
hydroxyphenyl, 1 -naphthyl. 2-naphthyl etc. The term "aralkyl", alone or in combination, means an alkyl 
group as defined earlier in which one hydrogen atom is replaced by an aryl group as defined earlier, such 
as benzyl. 2-phenylethyl and the like. The term "aralkoxy carbonyl", alone or in combination, means a 

rs group of the formula -C(OhO-aralkyl in which the term "aralkyl" has the significance given earlier, such as 
benzyloxycarbonyl etc. The term "alkanoyl". alone or in combination, means an acyl group derived from an 
alkanecarboxylic acid such as acetyl, propionyl. butyryl, valeryl. 4-methylvaleryl etc. The term 
"cycloalkylcarbonyl" means an acyl group derived from a monocyclic or bndged cycloalkanecarboxylic acid 
such as cyclopropanecarbonyl, cyciohexanecarbonyl, adamantanecarbonyl etc or from a benz-fused mon- 

20 ocyclic cycloalkanecarboxylic acid which is optionally substituted by, for example, alkanoylamino. such as 
1 .2.3.4-tetrahydro-2-naphthoyl. 2-acetamido-l ,2.3.4-tetrahydro-2-naphthoyl. The term "aralkanoyl* means an 
acyl group derived from an aryl-substituted alkanecarboxylic acid such as phenylacetyl. 3-phenylpropionyt 
(hydrocinnamoyl), 4-phenylbutyryl. <2-naphthyl)acetyl. 4-chiorohydrocinnamoyl. 4-aminohydroctnnamoyl, 4- 
methoxyhydrocinnamoyt etc. The term "aroyl" means an acyl group derived from an aromatic carboxylic 

25 acid: for example an optionally substituted benzoic or naphthoic acid such as benzoyl, 4-chiorobenzoyl. 4- 
carboxybenzoyl, 4-<benzyloxycarbonyl)benzoyl. 1-naphthoyl. 2-naphthoyl, 6-carboxy-2 naphthoyl. 6- 
(benzyloxycaroonyl)-2-naphthoyl. 3-benzyloxy-2-naphthoyl. 3-hydroxy-2-naphthoyl. 3-(benzyloxyformamido>- 
2-naphthoyl etc. The heterocyclyl portion of a heterocyciylcarbonyl or heterocyclylalkyl group is a saturated, 
partially unsaturated or aromatic monocyclic, bicyclic or tricyclic heterocycle which contains one or more 

30 hetero atoms selected from nitrogen, oxygen and sulphur, which is optionally substituted on one or more 
carbon atoms by halogen, alkyl. alkoxy. oxo etc and/or on a secondary nitrogen atom (i.e. -NH-) by aikyi. 
aralkoxycarbonyl. alkanoyl. phenyl or phenylaikyl or on a tertiary nitrogen atom (i.e. = N-) by oxido ana 
which is attached via a carbon atom. Examples of such heterocyclyl groups are pyrrolidinyi. pipenainyi. 
piperazinyl, morpholinyl. thiamorpholinyl, pyrroiyl, imidazolyl (e.g. imidazol 4-yt. i - 

J5 benzyloxycarbonylimidazol-4-yl, etc), pyrazolyl. pyridyl, pyrazmyl. pynmidinyl. furyl, thienyl, tnazotyl. ox- 
azolyl. thiazolyl. indolyl (e.g. 2-indolyl etc), qumolyl (e.g. 2-quinolyl. 3-quinolyl. 1 -oxido-2-qutnolyl etci. 
isoquinoiyl (e.g. i-isoquinolyl. 3-isoquinolyl etc), tetrahydroqumolyl (e.g. 1 .2.3.4-tetrahydro-2-quinoiyi etc>. 
i.2.3.4-tetrahydroisoquinolyl (e.g. 1 .2.3.4-tetrahydro-i-oxo-tsoquinolyl etc), quinoxalinyl. d-carboiinyt anc rre 
like. The term "halogen" means fluorine, chlorine, bromine or iodine. 

jo A cinnamoyl group denoted by R' can be unsubstituted or can carry on the phenyl ring one or more 
substituents selected from alkyl, alkoxy, halogen, mtro and the like. 

The aromatic system denoted by P and Q together in formula (a) given earlier can be monocyclic ;e g. 
i .2-phenylene or thienylene) or polycyclic (e.g. i 2-naphthyiene. 2.3-naphthyiene. i.8-naphthyiene. 2.3- 
anthryte/i© etc) and can be unsubstituted or substituted by one or more substituents selected from aikyi. 

■*s alkoxy. halogen and the like. 

As mentioned earlier, a trimethylene or tetramerhylene group denoted by R 7 and R 8 together zan ie 
optionally substituted by a hydroxy group or an alkoxycarbonylamino group (e.g. tert.butoxycaroonyiaminoi 
or an acylamino group (i.e. an alkanoylamino. cycloalkylcarbonylamino. araikanoylammo or aroyiammo 
group). Alternatively, one -CHj- group of a trimethylene or tetramethylene group denoted by R 7 and R* 

so together can be replaced by -NH-, -N(alkoxycarbonylK for example -N(tert.butoxycarbonyl)-. -N(acyi)- or -3- 
. When a trimethylene or tetramethylene group denoted by R 7 and R 8 together carries a fused cycioaikane 
ring, this can be. for example, a fused cycioaikane ring containing 3-6 carbon atoms such as a ! usec 
cyclopentane. cyclohexane or like ring and wnen the trimethylene or tetramethylene group carries a 'usee 
aromatic or heteroaromatic ring, this can be. for example, a fused benzene, indole or thiophene ring «nicn 

55 can be optionally substituted on one or more carbon atoms by haiogen, alkyl. alkoxy etc. Thus, -Nifl'i-Ch- 
(R 8 )(R 9 ) can represent, for example, one of the following groups: 
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(c) 



J V." 

>— 7 

R 9 

(d) 



R 

(£ ) 



/ \\ 

!> 



4S 



50 




wherein R 9 has the significance given earlier. R' J represents hydrogen, hydroxy, alkoxycarbonyiammo or 
acyiamino. R 13 represents hydrogen, alkoxycarbonyl or acyl. m stands for 1 or 2 and p stanas for 1 or 2. 

The pharmaceutical^ acceptable acid addition salts of the compounds of formula I are saits formea with 
inorganic acid, for example hydrohaiic acids such as hydrochloric acid or hydrobromic acid, sulohunc acid, 
nitric acid, phosphoric acid etc. or with organic acids, for example acetic acid, citric acid, maieic acd. 
fumaric acid, tartaric acid, methanesulphonic acid, p-toluenesulpnonic acid etc. 

The compounds of formula I contain at least three asymmetric carbon atoms and are therefore cresent 
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in the form of optically pure diastereoisomers. mixtures of diastereoisomers. diastereoisomeric racemates or 
mixtures of diastereoisomeric racemates. The present invention includes within its scope all of these forms. 

One particular group of compounds of formula I comprises those in which n stands for zero. R 3 
represents alkyl, cycioalkyl. aryl, aralkyl. heterocyclylalkyl, cyanoalkyl. aikylthioalkyl. carbamoylalkyl or 
5 alkoxycarbonylaJkyl and R' and R* together represent a trimethylene or tetramethylene group in which one 
-CHj-group can be replaced by -NH- or -S- or which can carry a fused cycloaikane. aromatic or 
heteroaromatic ring. 

in the compounds of formula I hereinbefore, preferably R 1 represents alkoxycarbonyl. aralkoxycarbonyl. 
alkanoyl. cycloalkylcarbonyl, aralkanoyl. aroyl. heterocyclylcartoonyl or a-aralkoxycarbonyiamino-aikanoyl. 

io especially benzyloxycarbonyl, 2-naphthoyl. 1 -hydroxy-2-naphthoyl. 3-hydroxy-2-naphthoyl. 3-benzyloxy-2- 
naphthoyl, 2-quinolylcarbonyl or 3-quinolylcarbonyl. and R s represents hydrogen. R 3 preferably represents 
alkyl. cyanoalkyl. aikylthioalkyl or carbamoylalkyl. especially cyanomethyl. methytthiomethyl or carbamoyl- 
methyl. R* preferably represents aralkyl. especially benzyl. Preferably, R s represents hydrogen and R* 
represents hydroxy. Preferably. -N(R , )-CH(R , )(R S ) represents one of the groups of formulae (c) to (i) 

is hereinbefore, especially a group of formula <c) in which R' 2 represents hydrogen and m stands for 2 or R' J 
represents tert.butoxycarbonylamino and m stands for 1. a group of formula <d) in which R' 3 represents 
tert.butoxycarbonyl. a group of formula (e) in which m stands for 1. a group of formula (0 in which m and p 
both stand for i, or a group of formula (g), (i) or (j). With respect to R\ this preferably represents 
alkoxycarbonyl. especially tert.butoxycarbonyl. monoalkylcarbamoyl. especially isobutylcarbamoyl or 

20 tert.butylcarbamoyl. or a group of formula (b), especially one in which R'° represents sec.butyl and R" 
represents isobutyl. 

From the foregoing it will be appreciated that particularly preferred compounds of formula I are those in 
which R 1 represents benzyloxycarbonyl. 2-naphthoyl. i -hydroxy-2-naphthoyl. 3-hydroxy-2-naphthoyl. 3- 
benzyloxy-2-naphthoyi. 2-quinolylcarbonyl or 3-quinolylcarbonyl and R* represents hydrogen. R 3 represents 

2S cyanomethyl. methylthiomethyl or carbamoylmethyl. R* represents benzyl. R s represents hydrogen and R' 
represents hydroxy and •N(R')-CH(R , )(R*) represents a group of formula (c) hereinbefore in which R ,J 
represents hydrogen and m stands for 2 or R' J represents tert.butoxycarbonylamino and m stands for i. a 
group of formula (d) hereinbefore in which R' 3 represents tert.butoxycarbonyl, a group of formula (e) 
hereinbefore in which m stands for 1. a group of formula (f) hereinbefore in which m and o both stand for i 

30 or a group of formula (g), (i) or (j) hereinbefore and R 9 represents tert.butoxycarbonyl. isobutylcarbamoyl. 
tert.butylcarbamoyl or a group of formula (b) in which R'° represents sec.butyl and R 11 represents isoouryi. 

Especially preferred compounds of formula I are: 
N J -[3(SK[N-<benzyloxycarbonyl)-L-asoaraginy!]amino]-2{R or S)-hydroxy-4-phenylbutyl]-N'-tert.butyi-L-pro- 
linamide. 

35 N J -[3(S)-{[N-{benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-N'-isobutyl-L-oro- 
linamide. 

N 2 -{3(SH[ N -<benzyloxycarbonyl)-L-asparaginyi]amino]-2(R>-hydroxy-4-phenylbutyl]-N'-tert.butyl-4<R>- 
thiazolidinecarboxamide, 

N-tert.butyl 1-[2(R)-hydroxy-4-phenyl-3(SH[N-{2-quinolylcarbonyi)-L-asparaginyl]amino]butyj]-2(S)- 
*o pipendinecarboxamide. 

i-(3{SH[N-<benzyloxycai1»nylhL-asparaginyi]aminol-2{R)-hydroxy-4-phenyibutyil-N-tert.butyl-octahyaro- 

(3aS.6aS)-cyclopenta(b!pyrrole-2(S)-carboxamide. 

l-^SHI^Wjenzytoxycan^nyO-L-asparaginynamm^ 

pipendinecarboxamide. 

*s 2-[3<SHIN^benrytoxycart»nyl)-L-asparaginynamino]-2{R)-hydroxy-4-phenylbutyl]-N-tert.butyl-i.2.3.4- 
tetrahydropyhdo(3,4-b]indole- 1 -carboxamide. 

N-terr.butyl-3-{2{R)-hydroxy-3(SH[N"(2-naphthoyl)-L-asparaginyl]amino]-4-phenylbutyl]-4<R)- 
thiazolidinecarboxamide. 

N'-tert.butyl-N 2 -[2(R)-hydroxy-4-phenyl-3(SH[N-<2-quinolylcarbonyl)-L-asparaginyl]amino-L-prolinamide-N 2 - 
so oxide. 

l-t3(S)-[[N-(benzyloxycarhonyl)-3-cyano-L-alanyl]amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)- 
pipendinecarboxamide, 

1 -{3(S)-[[N-{benzyloxycarbonyl)-L-asparaginyl]aminol-2(R)-hydroxy-4-phenylbutyl]-4-<tert.butoxycarbonyi>-N- 
tert.butyl-2(R or S)-piperazinecarboxamide. 
55 1 -[3(S)-[[N-(benzyloxycarbonyl)-3-cyano-L-alanyl]amino)-2(R)-hydroxy-4-phenyibutyl]-4- 
(tert.butoxycarbonyi)-N-tert.butyl-2(R or S)-piperazinecarooxamide. 
N 2 -[3(SV[[N-benzyloxycarbonyi)-L-asparaginyi]amino]-2(R)-hyaroxy-4-phenylbutyl]-4<R). 
(ten.butoxyformamido)-N'-tert.butyl-l.'prolinamide. 
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i-{3(SH[N^3-denzyloxy-2-naphthoyl)-L-asparagjnyl]amino]-2(R)-hy0roxy-4-phenyibLityl]-N-ten.butvi 2(S)- 
pip«ridin«carboxamide. 

N-tert butyl- H2(R)^ydroxy-4-phenylO(S)-[[N-(2-quinolylcarbonyi)-L-asparaginyl]amino]butyl]-2- 
piperidinecarboxamide i -oxide, 
s N-tert.butyl 1-{3(SH[N-{3-hydroxy-2-naphthoyl)-L-asparaginyl]amino]-2(R)-tiydroxy-4-phenylbutyl]-2{S)- 
piperidinecarboxamide. 

trans-2*{3(SH[N-(benzyloxycarbonyl-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyt 
decahydro-{4aR.8aS)-isoquinoline-3<S)-carboxamide. 

4-(tert.butoxycarbonyl)-N-tert.butyl-1-{2(R)-hydroxy-4-phenyl-3(S)-{[N-{2-quinolylcarbonyl)-L-asparaginyl]- 
'0 aminolbutyl]-2(R or S)-piperazinecarboxamide, 

N-tert.butylO-[2(R)-hydroxy-3(SH[N-(l-hydroxy-2-naphthoyl)-L-asparaginyi]amino]-4-phenylbutyl]-2 
piperidinecarboxamide, 

trans-N-tert.butyl-decahydro-2-{2(R)-hydroxy-4-phenyl^ 
butyl]-(4aR.8aSHso<3uinoline-3(S)-carboxamide and 
is N-tert.butyl-t-[2(R)-hydroxy-4-phenylO(S)-([N-(2-quinoiyicarbonyi)-L<ysteinyl]amino]butyi]-2(S)- 
piperidinecarboxamide. 

The most preferred compounds of formula I are: 
N-tert.Butyl-l-[2(R)-riydroxy-3(SH[N-(2-napnthoyl)-L-asparaginyl]amino]-4-phenylbutyll-2!S)- 
piperidinecarboxamide, 

20 N-tert.burvi<>ctahydro-l-{2(R)-hydroxy-4-phenyl-3(S)-{[N-(2<|uinolylcarbonyl)-L*asparaginyl]amino]butytI- 
(3aS.6aS)-cyclopenta(b]pyrrole-2(S)-carboxamide and 

N-tert.butyl-i.2.3,4-«et/ahydro-2-{2(R)-hydroxy-4-phenylO(SH[N-(2-quinolylcarbonyi)-L-asparaginyi]amino]- 
butyl]pyrido(3.4-b]indole-t(R or S)-carboxamide. 

According to the process provided by the present invention, the compounds of formula I hereinbefore 
25 and their pharmaceutical^ acceptable acid addition salts are manufactured by 

(a) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound 
of the general formula 



R 5 V 



wherein R*. R s . R', R ; , R 8 and R s have the significance given earlier, 
with an acid of the general formula 



^CH COOH 



wherein R'. R 2 and R 3 have the significance given earlier, 
or a reactive derivative thereof, or 

(b) for the manufacture of a compound of formula I in which n stands for zero. R 5 -ecresents 
hydrogen and R' represents hydroxy, reaucing a compound of formula I in which n stanas for zero ana R 3 
and R s together represent oxo. or 
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(c) for the manufacture of a compound of formula I in which n stands tor zero and R 1 represents 
aJkanoyl. cycloaikytcarbonyl, araJkanoyl, aroyl. heterocyclyicarbonyl. alkylsulphonyl. arylsulphonyl. cin- 
namoyl or a-aralkoxycarbonylaminoaJkanoyl and R 2 represents hydrogen or R' and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of formula (a) hereinbefore, 
reacting a compound of the general formula 

f 4 

H,N .CO .CH — N R 8 

2 Nh^ X NH^ ^CH-^ IV 

wherein R 3 , R*. R s . R s . R 7 . R« and R s have the significance given earlier. 

with an agent yielding an atkanoyl. cycloalkylcardonyl. aralkanoyl. aroyl. heterocyclyicarbonyl. alkylsul- 
phonyl. arylsulphonyl, cinnamoyl or a-aralkoxycarbonylamino-alkanoyl group or with an agent forming a 
cyclic imide group of formula (a) hereinbefore, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R' represents 
monoaralkylcarbamoyl and R 2 represents hydrogen, reacting a compound of formula IV hereinbefore with a 
compound of the general formula R' -N = C s O V 

wherein R' represents aralkyl, 
or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyl and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkylthioalkyl and n stands for 

zero, or 

(f) for the manufacture of a compound of formula I in which n stands for 1 . oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for the manufacture of a compound of formula I in which n stands for 1 and R' represents an 
aromatic N-heterocycly!carbonyt N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R' represents an aromatic N-heterocyctylcarbonyl group and R* 
represents nydrogen. or 

(h) for the manufacture of a compound of formula I >n which n stands for 1 and R 3 reoresents 
alkylsulphonylalkyl. oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphinylalkyl. or 

(i) for the manufacture of a compound of formula I in which R' represents carboxy-substituteo aroyl. 
nyaroxy-substituted aroyl or hydrocinnamoyl and R 2 represents hydrogen, catalytically hydrogenating a 
compound of formula I in which R' represents benzyioxycarbonyi-substituted aroyl. benzyloxy-substitutea 
aroyl or cinnamoyl and R a represents hydrogen, or 

(j) for the manufacture of a compound of formula l in which R 3 represents imidazol-4-yl ana. or R 1 
reoresents hydroxy-substituted aryl or hydroxy-substituted aralkyl and/or R 7 and R 3 together represent a 
trimethylene or tetramethylene group in which one -CH 2 - group is replaced by -NH-. treating a comoound of 
formula I in which R a represents Hbenzyioxycarbonyi)-tmiaazoi-4-yl and/or R* represents tert.butoxy- 
substituted aryl or tert.butoxy-substituted aralkyl and/or R 7 and R 8 together represent a trimethylene or 
tetramethylene group in which one -CH 2 - group is replaced by Nftert.butoxy carbonyl)- with a strong acid, 
or 

(k) for the manufacture of a compound of formula I in which R 7 and R 8 together represent a 
trimethylene or tetramethylene group which is substituted by acyiamino or in which one -CHj- group is 
replaced by -N(acylK acylating a compound of the general formula 
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VI 



wherein n, R 1 , R J . R 3 , R 4 , R s , R* and R 9 have the significance given earlier and R 7 and fl 8 together 
represent a trrmethylene or tetramethylene group which is substituted by amino or in which one -CHa- 
group is replaced by -NH-, 



(I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric 
racemates or optically pure diastereoisomers. and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers. 

and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceutically acceptable acid 
addition salt. 



The reaction of a compound of formula II with an acid of formula III in accordance with embodiment (a) 
of the process can be carried out in accordance with methods known per se in peptide chemistry. Thus, 
when an acid of formula ill is used, the reaction is preferably carried out in the presence of a condensation 
agent such as hydroxybenzotriazole and dicyclohexylcarbodiimide. This reaction is conveniently carried out 
in an inert organic solvent such as an ether (e.g. diethyl ether, tetrahydro furan etc) or dimethylformamide at 
a low temperature, suitably at about -10*C to >5*C and especially at about O'C. Suitable reactive 
derivatives of acids of formula III which can be used are. for example, the corresponding acid halides (e.g. 
acid chlorides), acid anhydrides, mixed anhydrides, activated esters etc. When a reactive derivative is used, 
the reaction is conveniently carried out in an inert organic solvent such as a halogenated alicnatic 
hydrocarbon (e.g. dichloromethane etc) or an ether (e.g. diethyl ether, tetrahydrofuran etc) and. «nere 
approonate. in the presence or an organic base (e.g. N-ethylmorpholine. diisopropyiethylamme eta at a : ow 
temperature, suitably at about -10* C to +■ 5' C and especially at about 0' C. 

The reduction of a compound of formula I in which R 5 and R s together represent oxo in accorcance 
with embodiment (b) of the process can be carried out according to methods known per se for the reauction 
of a carbonyl group to a hydroxy group. Thus, for example, the reduction can be earned out using a 
complex metal hydnde such as an alkali metal borohydride. especially sodium boronyence. n an 
appropriate organic solvent such as an alkanol (e.g. methanol, ethanoi. propanol, isopropanoi eta Conve- 
niently, the reduction is carried out at about room temperature. 

In accordance with embodiment (c) of the process, suitable agents which yield an alkanoyi. ;yc:caikvl- 
carbonyl. aralkanoyl. aroyl. heterocyclylcarbonyl. alxylsulphonyl, cinnamoyl zr a-arai- 
koxycarbonylaminoalkanoyl group are the corresponding acids or reactive derivatives thereof sucn as :ne 
corresponding acid halides (e.g. acid chlorides), acid anhydrides, mixed anhydrides, activated esters etc 
and suitable agents which form a cyclic imide group of formula (a) hereinbefore are comoouncs ;r :ne 
formula HOOC-P-Q-COOAralkyl in which P and Q have the significance given earlier. The reaction ;f a 
compound of formula IV with the aforementioned agents is earned out in the same manner as that 
described earlier in connection with embodiment (a) of the process, in the reaction of a ccrrocuna of 
formula IV with a compound of the formula HOOC-P-Q-COOAralkyl. the initially formed reaction -rccuct 
spontaneously loses a molecule of aralkanoi (HO-Aralkyl) with the formation of the cyclic imioe ;rcuD 

The reaction of a compound of formula IV with a compound of formula V in accorcance «>th 
embodiment (d) of the process can be carried out in a manner known per se. Thus, the -eactxr. s 
conveniently carried out in an inert organic solvent such as a halogenated aliphatic nyarccarccn e g. 
dichloromethane etc) at a temperature between about O'C and room temperature, preferaciy at ccm 
temperature. 

The oxidation in accordance with embodiments (e). (f). (g) and (h) of the process can ce zz<- ec :ut 
according to known procedures. The oxidation is preferably carried out using an organic oeracc sue- as 
peracetic acid. perben2oic acid, a haioperoenzoic acid such as m-chloroperbenzoic acid, oerontranc ic c or 
the like, although it can also be earned out using hydrogen peroxide. The oxidation is convenierrv rar-ed 
out m the presence of an organic solvent which is inert under the reaction conditions, rcr ijar: e an 



and/or 
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alkanol such as methanol, ethanol etc. a halogenated hydrocarbon such as methylene chloride etc. and the 
like. The oxidation can be carried out within a wide temperature range, for example a range between about 
•70 " C and about room temperature. 

The catalytic hydrogenation in accordance with embodiment (i) of the process can be carried out in a 

5 known manner. Conveniently, the catalytic hydrogenation is carried out in the presence of a noole metal 
catalyst, preferably a palladium catalyst such as palladium-on-carbon, and in an inert organic solvent (e.g. 
an alkanol such as ethanol. isopropanol etc) at about room temperature and under atmospheric pressure. 
When a compound of formula I in which H" represents nitro-substituted cinnamoyl and R 2 represents 
hydrogen is catalytically hydrogenated according to this embodiment, then there is obtained a compound of 

to formula 1 in which R' represents amino-substituted hydrocinnamoy! and R 2 represents hydrogen. 

Embodiment (j) of the process can be carried out using a strong inorganic acid, for example a 
hydrohalic acid such as hydrogen chloride or hydrogen bromide, or a strong organic acid, for example a 
halogenated alkanecarboxylic acid such as trifluoroacetic acid and the like. This embodiment can be carried 
out according to known procedures: for example in the presence or absence of an inert organic solvent (e.g. 

is an alkanecarboxylic acid ester such as ethyl acetate etc) and at a temperature between about 0 " C and 
about room temperature, preferably at about room temperature. 

The acylation of a compound of formula VI in accordance with embodiment (k) of the process can be 
carried out according to methods known per se. Conveniently, the acylation is carried out using an acyi 
halide such as an acyl chloride or bromide in the presence of an inert organic solvent such as 

2a dimethylformamide etc and at a temperature between about 0* C and room temperature. In place of an acid 
halide there can. of course, also be used a different reactive acid derivative such as an acid anhydride or 
the like. 

The optional separations in accordance with embodiments (I) and (m) of the process can be effected 
according to conventional methods; for example, by column chromatography, thin-layer chromatography, 
25 high pressure liquid chromatography etc. 

The conversion of a compound of formula I into a pharmaceutically acceptable acid addition salt in 
accordance with embodiment (n) of the process can be carried out by treating such a compound m a 
conventional manner with an inorganic acid, for example a hydrohalic acid such as hydrochlonc acid or 
hydrobromic acid, sulphuric acid, nitric acid, phosphoric acid etc. or with an organic acid such as acetic 
30 acid, citric acid, maleic acid, fumaric acid, tartaric acid, methanesulphonic acid, p-toluenesuiphonic acid etc. 

The compounds of formula II wnich are used as starting materials in embodiment (a) of the process are 
novel and also form an object of the present invention. 

The compounds of formula II can be prepared, for example, by reacting a compound of the general 
formula 



wherein R* has the significance given earlier, R' 4, represents an amino-protecting group teg. 
tert.butoxycarbonyl or benzyloxycarbonyl) and X represents a cnlortne or bromine atom, 
with a compound of the general formula 



35 
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wherein R 7 . R« and R' have the significance given earlier. 

and either cleaving off the group R" from the resulting compound of the general formula 



-HN C 



l 9 




wherein R*. R 7 , R 8 . R* and R'* have the significance given eartier. 

to give a compound of formula II in which R s and R s together represent oxo or reducing the compound of 
formula IX and cleaving off the group R 1 * from the resulting compound of the general formula 



CH CHj- 

H OH 

wherein R*. R 7 . R". R s and R 1 * have the significance given earlier. 

to give a compound of formula II in which R s represents hydrogen and R* represents hydroxy. 

The reaction of a compound of formula VII, preferably one in which R" represents benzyloxycarbonyl. 
with a compound of formula VIII can be carried out in a known manner: for example, in an inert organic 
solvent such as a halogenated aliphatic hydrocarbon (e.g. dichloromethane etc) and in the presence of a 
base (e.g. a trialkylamine such as triethylamme etc), conveniently at about room temperature. 

The cleavage of the group R 14 from a compound of formula IX can also be earned out m a known 
manner: for example, using a strong inorganic acid such as a hydrohalic acid or a strong organic acid (e.g. 
tnfluoroacetic acid etc), conveniently at about o'C to about room temperature. Alternatively, a 
hydrogenolytically-cleavable amino-protecting group R" can be cleaved off using hydrogen in the presence 
of a noble-metal catalyst (e.g. a palladium catalyst such as palladium-on-carbon) in an organic solvent or 
solvent mixture which is inert under the reaction conditions (e.g. an alkanol such as ethanoi. isopropanot etc. 
an alkanecarboxylic acid ester such as ethyl acetate, etc) and conveniently at about room temperature. 

The reduction of a compound of formula IX to give a compound of formula X can be earned out as 
described earlier in connection with the reduction of a compound of formula I in which n stands for zero and 
R s and R' together represent oxo in accordance with embodiment (b) of the process of the invention. 

The cleavage of the group R'* from a compound of formula X can be carried out m a manner 
analogous to that described earlier in connection with the cleavage of the group R 14, from a compouna of 
formula IX 

A further method for the preparation of compounds of formula II in which R 5 represents hycrogen ana 
R* represents hydroxy comprises firstly reacting a compound of the general formula 



/"xf 

0 



wherein R* and R 11 have the significance given earlier. 
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with a compound of formula VIII hereinbefore, conveniently in an inert organic solvent such as an aikanol 
(e.g. methanol etc), dimethylformamide or the like and at an elevated temperature, conveniently at about 
60' C to about 120* C. and then cleaving off the group R 14 in the reaction product (a compound of formula 
X hereinbefore) as described earlier. 

s The compounds of formula IV which are used as starting materials in embodiments <c) and (d) of the 

process are novel and form a further object of the present invention. 

The compounds of formula IV can be prepared, for example, by cleaving off the benzyloxycarbonyl or 
tert.butoxycarbonyl group R' from a compound of formula I in which n stands for zero. R 1 represents 
benzyloxycarbonyl or tert.butoxycarbonyl and R J represents hydrogen. This cleavage is carried out in a 

io manner analogous to that described earlier in connection with the cleavage of the group R'* from a 
compound of formuia IX. 

The compounds of formula VI wherein R' and R a together represent a thmethylene or tetramethylene 
group in which one -CHj- group is replaced by -NH-. which are used as starting materials in embodiment 
(k) of the process, are a sub-group of compounds of formula I. The compounds of formula VI wherein R 7 

•5 and R 8 together represent a trimeihyiene or tetramethylene group which is substituted by ammo, which are 
also used as starting materials in embodiment (k) of the process, are novel and also form an object of the 
present invention. They can be prepared, for example, by cleaving off the atkoxycarbonyi group from a 
compound of formula I in which R 7 and R* together represent a trimethylene or tetramethylene group wnich 
is substituted by alkoxycarbonyiamino. The cleavage can be carried out according to conventional 

20 procedures: for example, by treatment with an acid such as a hydrogen halide (e.g. hydrogen chloride) m 
an inert organic solvent (e.g. an alkanecarboxylic acid ester such as ethyl acetate etc). 

The starting materials of formula ill and their reactive derivatives, the starting materials of formula V as 
well as the compounds of formulae VII, VIII and XI hereinbefore, insofar as they are not known compounds 
or analogues of known compounds, can be prepared in a similar manner to the known compounds or as 

25 described in the Examples hereinafter or in analogy thereto. Moreover, the agents used in embodiment (c) 
of the process are generally known compounds. 

As mentioned earlier, the compounds of formula I and their pharmaceutical^ acceptable acid addition 
salts inhibit proteases of viral origin and are useful in the treatment or prophylaxis of viral infections, 
particularly of infections caused by HIV and other retroid viruses. 

30 The m vitro inhibition of HIV protease by the compounds provided by the present invention can ce 

demonstrated by means of the following test: 

HIV protease was expressed in 6. coli and partially purified from soluble extracts of the bacterium by 
ammonium sulohate fractionation (0-30%). Protease activity was assayed using the protected hexaoectiae 
succinyl-Ser-Leu-Asn-Tyr-Pro-ile isobutyiamide as the substrate. Cleavage of the substrate was quantifiea 

3S by measuring the production of H-Pro-lle isobutyiamide by the spectrophotometnc assay of N-termmat 
proline. 

1.25 mM of substrate were dissolved in 125 mM of citrate buffer (pH 5.5) containing 0.125 mg.mi cf 
Tween 20. 10 ul of a solution of various concentrations of the test compound (dissolved m methanol or 
dimethyl sulphoxide and diluted with water containing 0.1% Tween 20) and 10 ul of protease were aaoed to 

j<j 30 ul of the above buffered substrate. Digestion was carried out at 37 C for a fixed period of time ana was 
terminated by the addition of 1 ml of colour reagent [30 ug/ml of isatin and 1.5 mg/mi of 
chlorobenzoyObenzoic acid in 10% acetone in ethanol (vol.. vol. )]. The solution was heated m a water oatn 
and then the pigmented residues were re-dissolved in i ml of 1% pyrogalioi in 33% water in acetone 
(wt.. vol. vol.). The optical density of the solution was measured soectrophotometrically at 599 nm. The 

is formation of H-Pro-lle isobutyiamide in the presence of the test compound was compared with controls and 
the concentration of test compound required to give 50% inhibition (l 5Q ) was determined by means of a 
graph plotted from the various concentrations of test compound used. 

The results obtained in the foregoing test using representative compounas of formula I as the -est 
compound are compiled in the following Table. 

so 
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Compound 


l?o (UM) 


A 


0.37 


B 


0.15 


C 


0.3 


0 


0.13 


E 


0.75 


F 


0.75 


G 


0.08 


H 


0.01 




0.085 



Compound A: N-{N-C[N-<Benzyloxycai-bonyl)-L-asparaginyl]-L-phenylalany!]methyl]-L-proline tert.bur/l 

aster. 

Compound B: N-{3(SH[N-{Benzyioxycarbonyi)-L-asparaginy(]amino]-2(R)-hydroxy-4-phenylbutyl]-L- 
proline tert.butyl ester. 

Compound C: N-{3(SH[N"<Benzyloxycarbonyl)-L-asparaginyflamino]-2(S)-hydroxy-4-phenylbutytI-L- 
proline tert.butyl ester. 

Compound 0: N 2 r{N-{3(S)-[[N-(Benzyloxycarbonyl)-L-asparaginyllamino]-2(R and S)-hydroxy-4- 
phenylbutyl]-L-prolytl-N'-isobutyl-L-isoieucinamide (isomer i: Example 13). 

Compound E: N 2 -{N-{3(SH[N-tN-<8enzyloxycarbonyl)-L-leucyll-L-asparaginyl]amino]-2(R and S)- 
hydroxy-^-phenylbutyll-L-proiyil-N'-isobutyl-L-isoleucinamide (isomer 1: Example 14). 

Compound F: NM3<SH[^HBenzy!oxycarbonyl)-L-asparaginyi]arTiino]-2(R and S)-hydroxy-4- 
phenylbutyi]-N'-isopentyl-L-proiinamide (isomer 2: Example 17). 

Compound Q: N 2 -(3(S)-{[N-(8enzyloxycarbonyl)-L-asparaginyl]aminol-2(R or S)-hydrcxy-4- 
phenyibutyl]-N'-isobutyl-L-prolinamide (isomer 2: Example 21). 

Compound H: N-{2(R)-Hydroxy-3(S)-[[N-(2-napnthoyl)-L-asparaginyllam<no] 4-phenyibutyi]-L-?roiine 
tert.butyl ester. 

Compound I: 2-{3(SH[N-(BenzyloxyC2rbonyl)-L-aspa;ig;nyi]amino]-2(R)-hydroxy-4.ohenyibutyl]-N- 
tert.butyi- 1 2.3.4-tetrahydro-3(R.Sl-isoquino!inecarboxamtde. 

The compounds of formula I and their pharmaceutical^ acceptable acid addition salts can be used as 
medicaments (e.g. m the form of pharmaceutical preparations*, r- > - ; ^aunac3uticai preparations !:<=> 
aam.nistered enterally such as orally (e.g. m the fn«- o. tablets, coated tablets, dragees. hard ana sort 
gelatine capsules, solutions, emulsions or suspensions), nasally (e.g. in the form of nasal sprays) or rectaily 
(e.g. m the form of suppositories). However, the administration can also be effected parenteral^ such as 
intramuscularly or intravenously (e.g. m the form of inaction solutions). 

For vva manufacture of tablets, coated tablets, dragees and nard gelatine capsules the compounds of 
rormuial and their pharmaceuticaily acceptable acid addition salts can be processed with pharmaceutical^ 
inert, inorganic or organic excipients. Lactose, maize starch or derivatives thereof, taic. stearic acid or .ts 
salts etc can be use. for example, as such excipients for tablets, dragees and hard gelatine caosules. 

Suitable excipients for soft gelatine capsules are. for example, vegetable oils, waxes, fats. sem. solid 
and liquid polyols etc. 

Suitable excipients for the manufacture of solutions and syrups are. for example, water, poiyois. 
saccharose, invert sugar, glucose etc. 

Suitable excipients for inaction solutions are. for example, water, alcohols, polyols. glycerol, vegetable 
oils etc. 

Suitable excipients for suppositories are. for example, natural or hardened oils, waxes, fats, semi-uquia 
or liauid polyols etc. 

Moreover, the pharmaceutical preparations can contain preserving agents, soiuoilizers. viscosity- 
mcreasing substances, stabilizing agents, wetting agents, emulsifying agents, sweetening agents, colouring 
agents, flavouring agents, salts for varying the osmotic pressure, buffers, coating agents or ant.oxicants. 
' They can also contain still other therapeutically valuable substances. 

In accordance with the invention the compounds of formula I and their pnarmaceut.caily accectame ac:a 
addition salts can be used in the treatment or prophylaxis of viral infections, particularly of retroviral 
infections. The dosage can vary w.th.n ~.oe lim.ts and w.ll. of course, be firtea to :he n C ,v,auai 
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requirements in each particular case. In general, in the case of oral administration there should suffice a 
daily dosage of about 3 mg to about 3 g. preferably about 10 mg to about 1 g (e.g. approximately 300 mg 
per person), divided in preferably 1-3 unit doses, which can. for example, be of the same amount, it win, 
however, be appreciated that the upper limit given above can be exceeded when this is found to be 
indicated. 

The following Examples illustrate the present invention. The solvent systems referred to in these 
Examples are as follows: 

System A: 5% methanol in chloroform 
System B: 10% methanol in chloroform 

System C: chloroform: methanol: acetic acid: water (i 20: 15:3:2) 
System 0: chloroform: methanol: acetic acid: water (90:15:3:2) 
System E: chloroform: methanol: acetic acid: water (60:18:2:3) 
System F: chloroform: methanol: acetic acid: water (240:24:3:2) 
System G: dichloromethane: methanol: acetic acid: water (1 20:15:3:2) 
System H: diethyl ether: n-hexane: methanol (47.5:47.5:5) 
System I: dichloromethane: methanol: acetic acid: water (60:18:2:3) 
System J: dichloromethane: methanol: acetic acid: water (i 20:1 5:2:3). 



Example i 



0.5 g (107 mmol) of N-{[N-(ben2yloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tert.butyl ester was 
dissolved in 50 ml of isopropano) and 5 ml of ethyl acetate and hydrogenated for 5 hours in the presence of 
0.406 g (2.14 mmol) of toluene-4-sulphonic acid and 50 mg of 5% pailadium-on-carbon. The catalyst was 
removed by filtration and the filtrate was evaporated. The residue was taken up in 5 ml of dichloromethane 
and 5 ml of dimethylformamide and cooled in an ice/salt bath. 0.285 g (1.07 mmol) of n- 
(benzyloxycarbonyl)-L-asparagine in 25 ml of dimethylformamide was added, followed by 0.145 g (1.07 
mmol) of hydroxybenzotriazoie. 0.221 g (1.07 mmol) of dicydonexyicarbodiimide and 0.246 g (2.14 mmoi) 
of N-ethylmorpholine. The mixture was left to stir overnight, the separated dicyclohexylurea was removed 
by filtration and the filtrate was evaporated to dryness in a vacuum. The resulting dark brown gum was 
partitioned between ethyl acetate and water. The organic phase was washed in sequence with 5% sodium 
bicarbonate solution and saturated sodium chloride solution and then dried over sodium sulphate. The 
solvent was removed by evaporation and the solid was chromatographed on silica gel using 5% isoorooanoi 
in ethyl acetate for the elution. There was obtained 0.125 g of N-{N-{[N-(benzyloxycarbonyl)-L-asparagin yi ]- 
l-phenylalanyl]methyi]-l-proline tert.butyl ester as a pale yellow solid. 



Analysis for: 


c 3 


,H* ; N 


iO 


[580.69]. 


Calculated: 


C. 


64.12: 


H. 


6.94: N. 9.65% 


Found: 


C. 


63.18: 


H, 


6.79: N. 9.8%: ash 1.2% 


Ash-free: 


C. 


63.91: 


H. 


6.87; N. 9.92%. 



The N-{[N-<b«nryloxycarbonyl)-L-phenylalanyllmethyi]-L-proline tert.butyl ester used as the starting 
materiaJ was prepared by stirring 0.77 g of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide with 0.35 
g of L-proline tertbutyl ester and 0.203 g of tnethylamine in 15 ml of dichloromethane at room temperature 
overnight. The solvent was removed by evaporation and the crude product was chromatographed on s.i.ca 
gel using chloroform for the elution to give 0.65 g of > N-{[N-(benzyloxycarbonyl)-L-phenylalanylImethy l ]-i.- 
proline tert.butyl ester as a solid of melting point 98-99 C. 



Example 2 



1.5 g (3.22 mmoi) of N-{[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tert.butyl ester 
hydrogenated in 10 ml of ethyl acetate and 5 ml of isopropano! in the presence of 0.15 g of 5% paiia. 
on-carbon and 1.223 g (6.44 mmol) of toluene-4-sulphonic acid and the product was coupled *.th 
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<3.27 mmol) of N-{N-(bertzyloxycarbonyl)-L-leucyl]-L-asparagine in the presence of 0.442 g (3.27 mmol) of 
hydroxybenzotriazole. 0.675 g (3.27 mmol) of dicyclohexylcarbodiimide and 0.753 g (6.55 mmol) of N- 
ethylmorpholine in a an analogous manner to that described in Example 1. After working-up there was 
obtained 0.34 g of a solid which was chromatographed on silica get using 5% isopropanol in dicn- 
5 loromethane for the elution. There were obtained 310 mg of N-[[N-[N-{N-(benzyloxycarbonyl)-l_-ieucyl] L- 
asparaginyl]-L-phenylalanyl]methyl]-L-proline tert.butyl ester; MS: m/e 694 [M + H] " . 

The N-{N-<benzyloxycarbonyl)-L-ieucyl]-l-asparagine used as the starting material was prepared as 
follows: 

4.5 g (12.4 mmol) of N-(benzyloxycarbonyl)-L-leucine succinimide ester were dissolved in 40 ml of 
jo dimethyiformamide and the solution was cooled in an ice/salt bath. A solution of 1.64 g (12.4 mmol) of L- 
asparagine in 3.1 ml (12.4 mmol) of 4M sodium hydroxide solution were added and subsequently 2 g (24.8 
mmol) of sodium bicarbonate were added. The mixture was stirred at room temperature for 18 hours. The 
solvent was removed by evaporation and the residue was taken up in 100 ml of water. The pH was adjusted 
to about 9.5 with 2M sodium hydroxide solution and the mixture was extracted twice with 25 ml of diethyl 
'5 ether each time. The pH of the aqueous solution was adjusted to 2.5 with 3M hydrochloric acid. The solid 
crystalline product which separated from the solution was filtered off. washed with diethyl ether and dried. 
There were obtained 3.5 g of N-{N-(benzyloxycarbonyl)-L-leucyl]-L-asparagine. 
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Analysis for: 


c. 


gHj S NjOs 


(379.42). 


Calculated: 


C. 


56.98: H, 


3.64; N, 11.07% 


Found: 


c. 


56.76: H, 


3.62: N, 11.05%. 
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Example 3 



0.71 g (1.52 mmol) of N-{[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tert.butyl ester was 
30 hydrogenated in the presence of 0.58 g (3.05 mmol) of toluene-4-sulphonic acid over 5% pailadium-on- 
carbon and the product was coupled with 0.35 g (1.52 mmol) of N-(4-methylvaleryl)-L-asparagine m an 
analogous manner to that described in Example i . The crude product was purified by chromatography on 
silica gel using isopropanol in ethyl acetate (5%-8% gradient) for the elution. There was obtained 0.23 g of 
N-[[N-{N-(4-methylvaleryl)-L-asparagmyil-L-phenyiaianyl]methyl]-L-proline ten. butyl ester as a soiia. MS. 
m, 9 545 [M*H]\ 

The N-(4-methylvaieryl)-L-asparagine used as the starting material was prepared as follows: 
5.35 g (25 mmol) of 4-methylvalenc acid succinimide aster were dissolved in 40 ml of dimethyiformamide 
and the solution was added to a solution, cooled in ice. of 3.3 g (25 mmol) of L-asoaragme in 6.25 ml (25 
mmol) of 4M sodium hydroxide solution and 5 ml of dimethyiformamide. 5 5 g (65 mmol) of sodium 
bicarbonate were added and the mixture was stirred at room temperature for 18 hours. The solvent was 
removed by evaporation and the residue was taken up in 100 ml of water. The pH was adjustea to 3 with 
4M hydrochloric acid. The solvent was then removed by evaporation and the residue was taken up m 
methanol. Insoluble material was removed by filtration and the solvent was removed by evaporation. The 
crude product was chromatographed on silica gel using System 0 for the elution. There were obtained 900 
*s mg of N-<4-methylvaleryl)-L-asparagine as a solid: Rf (System 0): 0.25. 

Example 4 

50 

In an analogous manner to that described in Example 1, but using N-(tert.butoxycarbonyl)-L-asoaragine 
in place of N-(benzyloxycarbonyi)-t_-asparagine there was obtained N-{N-([N-<tert.butoxycaroonyi)-L- 
asparaginyl]-L-phenylalanyl]methyl]-L-proline tert.butyl ester in the form of a solid: MS: m/e 546 [M] . 

55 
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h J ' 3 ^li 79 mm0l> ° f N " {[N - <benz y ,ox V carbon y | )-l--phenyi a ianyl]methyl]-L-proline tert butyl ester w« 
hydrogenated m a m.xture of 10 ml of ethyl acetate and 10 ml of isopropy. alcohol in the oresZL 1 n Z 
of 5% paJladiurn^n^n and 1.06 g (5.58 mmol, of to.uene-XsZon'c ac td Te 7o*L t *Jt 
coupled 0 62 g (2.78 mmol) of N^benzyloxycarbonyU-L-alanine in the presence o^O 572 g (2 7 8 Lo^ 
12!2^ te ^ in,id *- 0 375 9 (2 7S mm0l> ° f h Vdroxybenzotnazo,e and 0.64 g (S.sV'mmo )Tn 
ethylmorphclrne m a manner analogous to that described in Example ,. After working up and chroma oo- 
riS fN^ ^ 9 USm9 3 ° iSOpropano1 in <*ch,oromethane for the elution there was obtLed 0 mT* n- 

****** *«» « * s^id MS m 9 



m«£n . T«r 3 " al T US , Scribed in Example 1. from N-([N-(benz y loxycarbony.)-L-phen y i a ,an y i]- 

methyl -L-prolme tert.butyl ester and N-(benzyloxycarbony t K.g t utamine there was obtained N-^[N-fN- 
(benzyloxycarbony.)-L-glutaminy.K-phenylalany.]methyl].L-proline tert.butyl ester: MS: m/e 595 [M + H] 



ter, LI N - {N - {CN - (ben2y,0x y carCon V | )- L -«P^g'nyl]-L-pheny.alany.]methy.I.L.pro.ine 
tert.butyl ester, prepared as descnbed in Example 1. was dissolved ,n 10 ml of isopropano and the solution 
a i/ 0 ° m ( ^P-^re for 45 minutes in the presence of 0.075 g P (1.98 mnC,^^m 
Tc?Z T« ^ " waS remo ^ ^ evaporation and the residue was tLn up in 50 m. 7e J 
acetate and washed m sequence with water and saturated sodium chloride solution. After dry,ng oZ 
ZT<nn T 8Vap0rat * 0n there was ot5ta,ned 0-« 9 o' • solid which was chromatograpned on s.lica 

gel usng 2% methanol ,n d lC h,oromethane for the elution. There were obtained 80 mg of N-(3 ( SW[n! 

^7^3^^ ^ « • -a: 

Further elution of the column w„h 5% methanol in dichloromethane yielded 70 mg of N-[3fSW[N. 
^: ™ol^^^ ^ « -oho: 



orfl|j fl 3 t 9 !° h 45 ' mm °° °' N -« N -t N -f N -< b «^Vlox y carbon y i,-L- i eucylK-a S parag l nyll-L-phen y .alanyf ! me t hvil-L- 
proi.ne tert.butyl ester, prepared as described in Example 2. in ,0 ml of isopropano! was treated a: -cm 
temperature w,th 40 mg (1.06 mmol) of sodium borohydride. After 1 hour the mixture was woriceo-uo as 

?™« £ Z^TT V*'* ^ ° b,ained 032 g °* 3 SOlid which " as chromatogriphed on s.nca ge. 
us.ng 3% methanol «n d.chloromethane for the elution. There were obtained 90 mg of N-[3(S)-i[N-.N- 

benzyloxycarbonylK-leucylK-asparaginynaminol^fR or S)-hydroxy-4-pheny«butylK-pro.ine tert bu y. es- 
ter (isomer 1) as a solid: flf (System A): 0.26: MS: m/e 696 (M + H] ". 

Further elution of the column with 5% methanol in dichloromethane yielded 70 mg of N-(3(S)-frN-fN- 

ben 2 yloxyc a rbonyl)-L-leucyl]-L-asparaginyllam t nol-2(R or S)-hydrox y -4-phen y ibutylK- P roline teabuty, es- 
ter (.somer 2) as a solid: Rf (System A): 0. 1 9: MS: m.-e 696 (M + H] * wn.outy 



0.18 g (0.33 mmol) of N-[[N-(N-{4-methylvaleryl)-L-asoaraginyl]-L-pheny)alanyi]methyi)-L-orc 1 .ne 
tert.butyl ester, prepared as described in Example 3. was reduced w.th 30 mg (0.80 mmol) of socium 
boroh y dr.de .n 10 ml of isopropanol as descnbed ,n Example 7. The resulting two isomers of N-{2(R <v S,- 
hydroxy-3(SH[N-(4-meth y ivaler y i)-L-asparag.nyl]amino]-4-phen yl butyl].L-proline tert.butyl aster were seca- 
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rated by chromatography on silica get using metnanol in chloroform (S 9 'o-8% gradient) for the elution. There 
were obtained 35 mg of isomer 1 in the form of a solid; Rf (System 8): 0.2: MS: m/e 547 [M + H]*, and 27 
mg of isomer 2 in the form of a solid: Rf (System 8): 0.15; MS: m/e 547 [M + H]*. 

Examole 10 



0.6 g (11 mmol). of N-(N-[[N-(teabutoxycarbonyi)-L-asparaginyl]-L-phenyialanyl]methyi]-L-proiine 
tert.butyl ester, prepared as described in Examoie 4. was reduced with 0.1 g (2.65 mmol) of sodium 
borohydride in 10 ml of isopropanol as described in Example 7. The two isomers were separated by 
chromatography on silica gel using System C for the elution. There were obtained n 5 mg of isomer i of n- 
[3(S)-{[N-(tert.butoxycarbonyl)-L-asparaginyl]aminoj-2(R or S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl es- 
ter in the form of a solid: Rf (System 0): 0.23: MS: m/e 549 [M * H]", and 100 mg of isomer 2 in the form of 
a solid: Rf (System D): 0.15: MS: m/e 549 {M + H]\ 



0.45 g (0.84 mmol) of N-[[N-(N-<benzyloxycarbonyl)-L-alanyl]-L-phenylaianyl]methyl]-L-proline tert.butyl 
ester, prepared as described in Example 5. was reduced in 15 ml of isopropanol in the presence of 80 mg 
of sodium borohydride as described in Example 7. After working-up the two isomers were separated by 
chromatography on silica gel using System A for the elution. There were obtained 70 mg of isomer 1 of N- 
[3<SH[N-<benzyloxycarbonyl)-L-a!anyl]amino|-2(R or S)-nydroxy-4-phenyibutyl]-L-proline tert.butyl ester m 
the form of a gum: Rf (System A): 0.38; MS: m/e 5*0 [M ♦ H]', and 50 mg of isomer 2 in the form of a gum: 
Rf (System A) 0.21; MS: m/e 540 [M •*• H]* . 



0.55 g (0.93 mmol) of N-{[N-(N-(benzyloxycarbonyi)-L-glutaminyl]-L-phenylalanyl]methyi]-L-orciine 
tert.butyl ester, prepared as describee m Examoie S. was reduced m 15 ml of isopropanol in the presence 
of 90 mg of sodium borohydride as described m Example 7. After working-up, the product was chrornatcg- 
raphed on silica gel using 2% methanol in chloroform for the elution. There were obtained 60 mg of isomer 
1 of N-{3(SH[N-<benzyloxycarbonyl)-l-giutaminyl]amino]-2{R or S)-hydroxy-4-phenylbutyi]-l-croiine 
tert.butyl ester m the form of a solid: Rf (System S): 0.37: MS: m/e 597 [M +H]*, and 65 mg of isomer 2 :n 
the form of a solid: Rf (System 8): 0.25: MS: m.e 597 (M + H]V 



3 g (S.2 mmol) of N 2 -(N-{3(SWbenzyloxyformam.doi-2{R and S)-hydroxy-4-pnenyibutylj L-proiyi-N'- 
isobutyl-L-tsoleucinamide were taken up >n 25 mi of ethyl acetate and 10 ml of isopropanol and hyoroge- 
nated over 0.3 g of 5% palladium-on-caroon for 5 hours in the presence of 1.97 g (10.36 mmoO of toiuen.e- 
4-sulphonic acid. The catalyst was filtered off and the filtrate was evaporated. The solid obtained was oned 
over pnosphorus pentoxide under a nign vacuum and coupled with 1.48 g (5.57 mmol) ;f N- 
(benzyloxycarbonyl)-L-asparagine m an analogous manner to that described in Example i. 3.3 g of cruoe 
N 2 -[N-[3(S)-[[N- (benzyloxycarbonyl)-L-asparginyilamino]-2<R and S>-hydroxy-4-phenylbutyl]-L-oroiyij-N-- 
isobutyi-L-isoieucmamide were obtained as a solid. The two isomers were separated by chromatogracny on 
silica gel using System F for the elution. There were obtained 90 mg of isomer 1 m the form of a scud: =?f 
(System F): 0.23; MS: m/e 695 (M-i-H]\ and 0.55 g of isomer 2 in the form of a solid: Rf (System F\ O.n: 
MS: m/e 695 [M ♦H]\ 

The N 2 -{N-(3(SHbenzyloxyformamido>-2(R and S)-hydroxy-4-phenylbutyl]-L-prolyl]-N' -sccutvi-L- 
isoleucmamide used as the starting material was prepared as follows: 
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(i) A solution of 20.0 g of N-(benzyloxyearbonyl)-L-isoleucine and 9.6 ml of N-ethylmorpholine in 400 
ml of tetrahydrofurari was cooled to -20* C and 9.8 ml of isobutyl chloroformate were added dropwise. The 
mixture was stirred for 5 minutes and then 5.52 g of isobutylamine were added dropwise. The mixture was 
stirred at -15*C for 20 minutes and was then allowed to warm to room temperature. 20 ml of water were 

s added and the solution was then evaporated to dryness. The residue was partitioned between 200 ml of 
water and 300 ml of ethyl acetate and the organic solution was washed with 200 ml of 5% citric acid 
solution. 200 ml of saturated sodium bicarbonate solution and 200 ml of water, dried over sodium sulphate 
and evaporated to dryness. The residue was triturated with diethyl ether to give 18.2 g of N 2 - 
(benzyioxycarbonyl)-N'-isobutyl-L-isoleucinamide which was used in the next step without further purifica- 

io tion. 

(ii) A solution of 18.0 g of the above product in 200 ml of ethanol was hydrogenated over 1.0 g of 
10% palladium--on-carbon for 5 hours. The catalyst was removed by filtration and the filtrate was 
evaporated to give 9.8 g of N' -isobutyl-L-isoleucinamide as a colourless oil which was used directly m the 
next step. 

,s (iii) A solution of 17.3 g of N-(benzyloxycarbony!)-L-proline succinimide ester and 9.35 g of N 1 - 

isobutyl-L-isoleucinamide in 120 ml of tetrahydrofuran was stirred at room temperature overnight. The 
solvent was removed by evaporation and the residue was partitioned between 200 ml of ethyl acetate and 
250 ml of 5% citric acid solution. The organic solution was dried over anhydrous sodium sulphate and 
evaporated to dryness. The residue was recrystallized from a mixture of ethyl acetate and n-hexane to give 

20 13.6 g of N 2 -[N-benzyloxycarbonyl)-L-prolyl]-N'-isobutyi-L-isoleucinamide as a white solid of melting point 
87-88' C. 

(iv) A solution of 13.6 g of the above product in 500 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon for 2 hours. The catalyst was removed by filtration and the filtrate was evaporated to 
give 9.10 g of N 2 -L-prolyl-N' -isobutyl-L-isoleucinamide as a colourless oil which was used without further 

25 purification. 

(v) A soiution of 8.86 g of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide 6.71 g of N 2 -L- 
proiyi-N 1 -isobutyl-L-isoleucinamide and 2.60 g of tnethylamine in 400 ml of dichloromethane was stirred at 
room temperature overnight. The solvent was removed by evaporation and the crude product was 
chromatcgraphed on silica gel using ethyl acetate for the elution. The resulting product was triturated with a 

30 mixture of petroleum ether (b.p. 40-60 ' C) and ethyl acetate to give 8.70 g of N 2 -{N-i[N- 
(benzyioxycaroonyO-L-phenylalanyl]methyi]-L-prolyll-N'-tSObutyl-L-isoleucinamide as an off-white soiid of 
m.p. 80-81 ' C. 

(vi) A solution of 3.5 g of ^-{[^(benzylOxycarbonyO-L-phenylalanyllmethyll-L-prolyll-N'-isobutyl-L- 
isoleucmamiae in 200 ml of ethanol was treated with 1 .0 g of sodium borohydride in a manner analogous to 

is tnat described in Example 7 to give 7.1 g of N J -{N-[3(S)-(benzyloxyformamido)-2(R and S)-hyaroxy-4- 
pnenyibutyi]-L-prolyl]-N'-isobutyi-L-isoieucinamide. 



jo 



Analysis for: 


c 3 


3 H 




0.5 


H 2 0. 


Calculated: 


C. 


67 


21: H. t 


J.37: 


N. 9.50% 


Found: 


C. 


67 


29: H. i 


3.31: 


N. 9.47%. 



45 

Examole 14 



0.78 g (1 34 mmo!) of N 2 -{N-{3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyi]-L-prolyi]- 
50 N'-isobutyi-L-isoteucinamide was hydrogenated and the product was coupled with 0.53 g (1.39 mmoi) of N- 
[N-(benzyloxycarbonyl)-L-ieucyl]-L-asparagine in an analogous manner to that described m Example i. i.i 
g of crude N 2 -tN-{3(S)-(tN-{N-{benzyloxycarbonyl)-L-leucyl]-L-asparaginyl]amino]-2(R and S)-hydroxy-4- 
phenyibutyi]-L-prolyll-N'-isobutyl-L-isoieucinamide were obtained as a solid. The two isomers were seoa- 
rated by chromatography on silica gel using System F for the elution. There were obtained 60 mg of isomer 
55 1 m the form of a solid: Rf (System C): 0.34: MS: nve 808 (M]\ and 50 mg of isomer 2 in the form of 3 
solid: Rf (System C) 0.24 MS: m/e 808 (M]V 
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Example 15 



0.275 g (0.473 mmol) of N-(3(SH[N-<benryloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutylH'Proline tert.butyl aster was taken up in 10 ml of isopropanol and hydrogenated for 18 hours 
over 50 mg of 5% palladium-on-carbon in the presence of 0.18 g (0.94 mmol) of toluene-4-sulphonic aaa. 
The catalyst was filtered off and the filtrate was evaporated. The resulting solid was dissolved in 10 ml of 
dichloromethane and the solution was cooled in an ice-bath. 50 mg (0.49 mmol) of acetic anhydnae were 
added, followed by 0.10 g (0.99 mmol) of triethylamine and 0.2 ml of pyridine. The mixture was stirred at 
room temperature for 1 hour. The solvent was removed by evaporation and the residue was partitioned 
between ethyl acetate and water. The organic phase was washed with 5% sodium bicarbonate solution and 
with saturated sodium chloride solution and then dried over anhydrous sodium sulphate. The solvent was 
removed by evaporation to give 35 mg of N-£3(SH(N-acetyl-L-asparaginyl)aminoI-2(fl)-hydroxy-4- 
phenylbutylK-proiine tert.butyl ester: Rf (System £): 0.28: MS: m/e 491 (M + H] . 



Example 16 



1 g (2.14 mmol) of N-(3(SWbenzyloxyforrrtarri!do)-2-(R and S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl 
aster was taken up in 25 ml of methanol and hydrogenated over 250 mg of 5% paJladium-on-carbon for 3 
hours in the presence of 0.81 g (4.26 mmol) of toluene-4-suiphonic acid. The catalyst was filtered off and 
the filtrate was evaporated. The resulting solid was dried over phosphorus pentoxide under a high vacuum 
and then dissolved in 5 ml of tetrahydrofuran. 

0.566 g (2.134 mmol) of N-(benzyloxycarbonyl)-L-leucine was taken up in 15 ml of tetrahydrofuran and 
cooled to -IS'C. 0.245 g (2.134 mmol) of N-ethylmorphotine and 0.291 g (2.134 mmol) of isobutyl 
chloroformate were added. After 5 minutes the tetrahydrofuran solution prepared as described m the 
previous paragraph was added, followed by 0.451 g (4.27 mmol) of N-ethylmorphoiine. The mixture was 
stirred at room temperature for 10 hours, the solvent was then removed by evaporation and the residue -vas 
partitioned between ethyl acetate and water. The ethyl acetate solution was washed with saturated scoum 
bicarbonate solution and with saturated sodium chloride solution and then dried over anhydrous soaium 
sulphate. The solvent was' removed under a vacuum to give 1.5 g of crude N-(3(SH[ N -<b® n 2Y l ° x yc arccn v | >- 
L-ieucyi]aminol-2-(R and S)-hydroxy-4-phenyibutyl]-L-proline tert.butyl ester as an oil. The two somers 
were separated by chromatography on silica get using 50% n-hexane in ethyl acetate for the etution. There 
were obtained 180 mg of isomer 1 of N-[3(SH[N-(benzyioxycarbonyi)-l_-ieucyi]amtno]-2(R or Si-hyaroxy-^- 
phenylbutylK-proline tert.butyl ester as a crystalline matenal; Rf (System A): 0.34: MS: ove 5S2 ;m * h] . 
and 70 mg of isomer 2 as a crystalline materiai; Rf (System A): 0.28: MS: m/e 582 [M + H)\ 

The N-(3(S)-<benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester usee as 
the starting materia) was prepared as follows: 

2 g (4.3 mmol) of N-([NMbenzyloxycarbonyl)-L-phenytalanyl]methyl]-L-proline tert.butyl ester fprecarec is 
described in Example 1) were dissolved in 25 ml of isopropanol. 25 ml of ethanoi and 25 mi of metranoi 
and the solution was stirred at room temperature for 4 hours in the presence of 0.4 g (10.7 mmon of sccmm 
borohydride. The solvent was removed by evaporation and the residue was partitioned between 50 — .i 3f 
ethyl acetate and 25 ml of water. The organic phase was washed with saturated sodium chloride solution 
and dried over anhydrous sodium sulphate. The solvent was removed by evaporation ana :here ~ere 
obtained 2 g of N-{3(SWbenzyloxyformamido>-2(R and S)-hydroxy-4-phenylbutyl]-L- proline tert.Putyi ester 
as a clear gum: Rf (System C): 0.68 and 0.57. 



Example 17 



1.5 g (3.12 mmol) of N 2 -[3(S)-(benzyloxyformamido)-2(R or S)-hydroxy-4-phenylbutyll-N- sccer'v-L- 
proiinamide were hydrogenated in 25 ml of methanol in the presence of 1.19 g (6.24 mmoO of :ciuer.e-*- 
sulphonic acid and 0.25 g of 5% palladium-on-carbon. After 3 hours the catalyst was filterea arc :re 
filtrate was evaporated to give 2.1 g of a solid. This solid was dried over phosphorus pentoxide -rcer a -gn 
vacuum and coupled with 0.8 g (3.12 mmol) of N-(benzyloxycarbony1)-L-asparagine in a manner araic^cus 
to that described in Example 1. There were obtained 1.45 g of N 2 -{3(S)-{[N-(benzyioxyc3:cc- ,• 
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asparaginyl]amino}-2(,R or S)-hydroxy-4-phenylbutylI-NMsopentyl-L-prolinamide as a crude product which 
was chromatographed on silica gel using System C for the elution. There ware obtained 60 mg of isomer i 
as a solid:' Rf (System E): 0.58; MS: 596 [M + H]\ and 0.25 g of isomer 2 as a solid. Rf (System E): 0.41: 
MS: m/e 596 [M + H]*. 

s The N a ~{3(SWbenzyloxyformamido)-2(R or S)-hydroxy-4-phenylbutyl]-N'-isopentyl-L-prolinamide used 

as the starting materia] was prepared as follows: 

(i) A solution of 15.0 g of N-<benzyloxycarbonyl)-L-proline succinimide ester and 4.1 5 g of isopen- 
tylamine in 100 ml of tetrahydrofuran was stirred at room temperature overnight. The solvent was removed 
oy evaporation and the residue was taken up in 250 ml of ethyl acetate. The solution was washeo with 250 

10 ml of 5% citric acid solution, two 250 ml portions of saturated sodium bicarbonate solution and 150 ml of 
saturated sodium chloride solution, dried over anhydrous sodium sulphate and evaporated to dryness. The 
residue was recrystallized from a mixture of ethyl acetate and n-hexane to give n.i g of N 2 - 
(benzyloxycaroonyl)-N'-isopentyl-L-prolinamide as a white solid of melting point 1 10-112 C. 

(ii) A solution of 5.73 g of N 2 -<benryloxycarbonyl)-N^sopentyl-L-prolinamide in 600 ml of ethanol was 
is hydrogenated over 0.8 g of 10% palladium-on-carbon catalyst for 3.75 hours. The catalyst was removed by 

filtration and the filtrate was evaporated to give 3.4 g of N'-isopentyt-L-proiinamide as an oil which was used 
without further purification. 

(iii) A solution of 3.4 g of N'-isopentyl-L-prolinamide. 6.76 g of [N-(benzyloxycarbonyi)-L- 
phenylalanyl]methyl bromide and 2.0 g of triethylamine in 360 ml of dichloromethane was stirred at room 

20 temperature overnight. The crude product was isolated in a manner analogous to that described in Example 
i and was recrystallized from a mixture of ethyl acetate and n-hexane to give 3.3 g of N 2 -[[N- 
(benzyloxycarbonyl)-L-phenylalanyl]methyl]-N'-isopentyl-L-prolinamide as a white solid of melting point 82- 
84' C. 

(iv) A solution of 0.96 g of ^-{[^-(benzYloxycarbonyO-L-phenylalanynmethyll-N'-isopentyl-L-pro- 
2S linamiae in 40 ml of ethanol was treated with 0.17 g of sodium borohydride in a manner analogous to that 

described in Example 2. The crude product was recrystallized from a mixture of diethyl ether and n-hexane 
to give 0.65 g of N 2 -[3<S)-(benzyloxyformamido>-2(R and S)-hydroxy-4-phenyibutyil-N'-isopentyi-L-oro- 
linamide as a white solid of melting point 73-82* C. 

30 

Example 18 



is 0.58 g (1.24 mmol) of N 2 -{3(SHbenzyloxyformamido)-2(R or S)-hydroxy-4-phenylbutyl]-N'-tert.butyi-L- 

proiinamiae was dissolved in 25 ml of methanol and hydrogenated for 5 hours at room temperature m the 
presence of 0.472 g (2.48 mmol) of toluene-4-sulphonic acid and 0.1 g of 5% palladium-on-caroon. The 
catalyst was filtered off and the filtrate was evaporated. There was ootained 0.82 g of a solid which was 
dnea over phosphorus pentoxide under a high vacuum and coupled with 0.322 g (1.21 mmol) of N- 

ao (benzyloxycarbonyl)-L-asparagine in dimethylformamide in a manner analogous to that described in Exam- 
ple 1. After working-up in a manner analogous to that described in Example 10 there was obtained 0.6 g of 
crude product which was chromatographed on silica gel using System C for the elution. There were 
obtained 225 mg of N 2 -{3{S)-([N-(benzyloxycarbonyl)-t.-asparaginyl]aminoj-2(R or S)-hydroxy-4 
phenylbutyl]-NMert.butyl-L-prolinainide as a solid: MS: m/e 582 [M + H] 

js The M-{3(SWbenzyloxyformarnido)-2(R or S)-hydroxy-4-phenylbutyl]-N , -tert.butyl-L-prolinamide usea 
as the starting material was prepared as follows: 

(i) 5.2 g (15 mmol) of N-(benzyloxycarbonyi)-l-proline succinimide ester and 1.63 g (22.3 mmoi) of 
tert.butylamine were taken up in 50 ml of dichloromethane and the mixture was stirred at -8'C for i hour 
and then at room temperature for 18 hours. The solution was then washed with 5% citric acid solution. 

so saturated sodium bicarbonate solution and saturated sodium chloride solution and dried over anhydrous 
sodium sulphate. After evaporation the solid was crystallized from ethyl acetatem-hexane to give 3 g of N^- 
(benzyloxycarbonyl)-NMert.bur/l-L-prolinamide: MS: m/e 305 [M + H] 

(ii) 2.5 g (8.22 mmol) of N 2 -(benzyloxycarbonyl)-NMert.butyl-L-pralinamide m 25 ml of methanol were 
hydrogenated for 5 hours over 0.5 g of 5% palladium-on-carbon. The catalyst was removed by filtration and 

55 the solvent was removed by evaporation to give 1.4 g of an oil which crystallized upon standing m a 
refrigerator for several hours. 0.35 g (2.05 mmol) of this solid was added to a solution of 0.77 g (2.05 mmoii 
of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide m 15 ml of dichloromethane and subseauentiy 
0.207 g (2.05 mmol) of triethylamine were added. The mixture was stirred at room temperature for 2 hours. 
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The solvent was removed by evaporation and the residue was taken up in 25 ml of ethyl acetate. The solid 
was filtered off and discarded. The mother liquor was washed with water, saturated sodium bicarbonate 
solution and saturated sodium chloride solution and then dried over anhydrous sodium suiohate. After 
evaporation and crystallization from ether/n-hexane there was obtained 0.65 g of N 2 -f[N- 
s (benryloxycarbonyl^L-phenylalanyllmethyll-N'-tert.butyl-L-proiinamide in the form of a solid: MS: rrve 466 

(iii) 1.25 g (2.7 mmol) of N 2 -([N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-N'-tert.butyl-L-pro- 
linamide was taken up in 25 ml of isopropanol and stirred for 4 hours at room temperature in the presence 
of 0.255 g (6.7 mmol) of sodium borohydnde. The solvent was removed by evaporation and the residue was 

to partitioned between ethyl acetate and water. The organic layer was washed with saturated sodium cnlonde 
solution, dried over anhydrous sodium sulphate and evaporated. There were obtained 1.2 g of N 2 -{3(S)- 
(benzyloxyformamido)-2(R and S)-hydroxy-4-phenyibutyl]-N'-tert.butyl-L-prolinamide which was chromatog- 
raphed on silica gel using System F for the elution. There were obtained t5 mg of isomer 1 as a gum: Rf 
(System F): 0.38: MS: rrve 468 (M + H]\ and 0.225 g of isomer 2 as a gum: Rf (System F): 0.27: MS: m/e 

a 468 [M + Hj*. 



Example ]9 

20 

A solution of 474 mg of N-[3(SWbenzyloxyformamido>-4-cyclohexyl-2(R or S)-hydroxybutyl]-L-proline 
tert.butyl ester in 100 ml of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbon cataiyst for 
3 hours. The catalyst was removed by filtration and the filtrate was evaporated to give 380 mg of an oil. 
25 This was coupled with 285 mg of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that 
described in Example i. The crude product was chromatographed on silica gel using 7% methanol in 
dichloromethane for the elution to give 30 mg of N-{3(SMEN-(benzyloxycarbonyl)-L-asparagmyl]aminoj-4- 
cyclohexyl-2(R or S)-hydroxybutyl]-L-proline tert.butyl ester as a white solid of melting point 135-136 - C 
(isomer 1). 

jo Similarly. 474 mg of the other isomer of N-(3(SWbenzyloxyformamtdo>-4-cyclohexyl-2(R zr S)- 

hydroxybutyl]-l-proline tert.butyl ester were hydrogenated and coupled with 285 mg of N- 
(benzyloxycarbonyl)-L-asparagme to give 90 mg of isomer 2. MS: m/e 539 [M + H] 

The N-{3(S)-benzyioxyformamido)-4-cyclohexyl-2-(R and S)-hydroxybutyl]-L-proline tert.butyl ester -sea 
as the starting material was prepared as follows: 

3S (i) a solution of 19 6 g of N-(benzyloxycarbonyl)-3-cyclohexyl-L-alanine in 60 ml of tetranycrcfuran 

was cooled to -10'C and 8.9 ml of N-ethylmorphoiine were added. 11.6 ml of ispbutyl chioroformate were 
added dropwise and the mixture was stirred at -10" C for a further 15 minutes. 250 ml of diethyl ether *ere 
added and the mixture was filtered. The filtrate was added to a cold solution of diazomethane m diethyl 
ether (prepared from 21 .5 g of N-methyl-N-nitroso-4-toiuenesulphonamide) and the mixture was stirrec at 

40 room temperature for 1.5 hours. The solution was then washed with two 200 ml portions of water anc with 
200 ml of saturated sodium bicarbonate solution, dried over anhydrous sodium sulphate and evaooratea to 
give 6.6 g of benzyl [2-cyclohexyl-i(SH2-diazoacety0ethyl] carbamate as a yellow oil which /vas -sec 
without further purification. 

(ii) A solution of 6.6 g of the above product in 60 ml of diethyl ether was stirred at room temcerature 
js while hydrogen chloride was bubbled through the solution for 30 minutes. The solvent was removea by 

evaporation and the resulting oil was crystallized from a mixture of diethyl ether and n-hexane to give 5.3 g 
of [N-<benzyloxycarbonyl)-3-cyclohexyl-L-alanyl]methyl chloride whicn was used without further purification. 

(iii) A solution of 4.4 g of the above product in a mixture of 90 mi of tetrahydrofuran ana i0 -ni of 
water was cooled to 0* C and 0.75 g of sodium borohydride was added. The mixture was stirred at 0 C -or 

so i hour and then evaporated to dryness. The residue was taken up in 100 ml of dichloromethane ana 100 ml 
of water, the aqueous layer was adjusted to pH 3 with concentrated hydrochloric acid and the organic ayer 
was separated, dried over anhydrous sodium sulphate and evaporated. The residue was triturated with 200 
ml of hot n-hexane and filtered off to give 2.65 g of 3(SHbenzyloxyformamido)-i-chloro-4-cyc:onexyi-2!R 
and S)-butanol as a white solid: MS: 339. 341 [M]\ 

55 (j V ) 14 ml of 0.71 M ethanolic potassium hydroxide solution were added to a solution of 2.65 j of the 

above product in 60 ml of ethanol. The mixture was stirred at room temperature for l hour and :ren 
evaporated to dryness. The residue was partitioned between 100 ml of dichloromethane and '00 ~>i af 
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water and the organic layer was dried over anhydrous sodium sulphate and evaporated. The residue was 
chromatographed on silica gel using 3% methanol in dichloromethane for the elution. There were obtained 
1.84 g of 3(SHben2yloxyformamido)-4-cyctohexyl-l.2(R and S)-epoxybutane as an oil; MS: m/a 303 (M]\ 

(v) A solution of 1.34 g of the above product and 1.21 g of L-proline tert.butyl ester in 65 ml of 

5 methanol was heated under reflux for 24 hours. The mixture was evaporated to dryness and the crude 
product was chromatographed on silica gel using 5% methanol in dichloromethane for the elution. There 
was obtained 0.41 g of N 2 -{3(S)-(benzyloxyformamido)-4-cyclohexyl-2(R or S)-hydroxybutyl]-L-proline 
tert.butyl ester (isomer 1) as a colourless oil; NMR (COCl 3 , 250 MHz) 5 0.78-1.0 (2H, m). 1.1-1.4 (5H, m) 
1.43 (9H. s>. 1.55-1.7 (5H. m) 1.8-1.95 (4H. m). 2.03-2.15 (1H. m). 2.3-2.4 (1H. m>, 2.5 (1H. dd>, 2.66 <1H. t), 

ia 3.16-3.26 (2H. m) 3.55-3.7 (2H. m), 4.08 <1H, broad s). 5.02-5.15 (3H, m), 7.25-7.4 (5H. m). 

Further elution with the same solvent system yielded 1.18 g of isomer 2 as a colourless oil; NMR 
(COCI3. 300 MHz) « 0.75-0.85 (1H. m). 0.9-1.0 (1H. m), 1.1-1.4 <5H. m). 1.43 (9H. s). 1.58-1.70 (5H. m) 
1.75-1.9 (5H. m). 2.05-2.18 (1H. m). 2.54-2.75 <3H. m), 3.05-3. 1 5 (2H, m>, 3.45-3.52 (1H. m). 3.7-3.8 (1H, m,.' 
'5 4.96-5.15 (3H. m), 7.3-7.38 (5H. m). 



Example 20 

20 

0.663 g (1.42 mmol) of N 2 -{3(SHbenzyloxyformamido)-2(R and SHiydroxy^phenylbutylj-N'-isobutyl-L- 
prolinamide was hydrogenated in 30 ml of methanol in the presence of 0.539 g (2.84 mmol) of toluene-4- 
sulphonic acid and 0.1 g of 5% palladium-on-carbon, and the product was then coupled with 0.378 g (1.42 
mmol) of N-(benzyloxycarbony))-L-asparagine and worked-up as described in Example 1. The crude 
25 product was subjected to flash chromatography on silica gel using System F and there were obtained 80 
mg of N 2 -[3(SH[N-<benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-N'-isobutyl- 
L-proiinamide (isomer 1) as a solid: Rf (System E) 0.46; MS: m/e 582 (M + H]\ 

The column was then eluted with System C to give 70 mg of isomer 2 as a solid: Rf (System E) 0.33: 
MS: m/e 582 (M + H]\ 

10 The N 2 -{3(SWbenzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-N'-isobutyl-L-prolinamide usea 

as the starting material was prepared as follows: 

(i) N'-isobutyl-l-crolinamide was prepared as described in Example I7(i) using isobutylamine in 
place of isopentylamme. 

(ii) A solution of 1.5 g (3.98 mmol) of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide. 0.673 g 
35 (3.98 mmol) of N'-.sobutyi-L-prolinamide and 0.402 g (3.98 mmol) of tnethylamine in 30 ml of dich- 

loromethane was stirred at room temperature for 4 hours. The solvent was removed by evaporation ana 50 
ml of ethyl acetate were added. The resulting solid was removed by filtration and discarded. The filtrate was 
washed with water, sodium bicarbonate solution and saturated sodium chloride solution and then dried over 
annydrous sodium sulphate. The solvent was removed by evaporation and the crude product was 
jo chromatographed on silica gel using chloroform for the elution to give 1 .6 g of N 2 -([N-(benzyloxycarbonyi)- 
L-phenylaJanyl]methyl] -N'-isobutyl-L-proiinamide as a solid; MS: m/e 466 (M «-H]\ 

(iii) A solution of 0.7 g (1.5 mmol) of N 2 -{[N-ibenzyloxycarbonyl)-L-phenylalanyl]methyl]-N'-.sobutyi-L- 
prolinamtde in 20 ml of ethanol was treated with 0.143 g (3.75 mmol) of sodium borohydnde at room 
temperature for 2 hours. The solvent was removed by evaporation and the residue was partitioned between 

-15 ethyl acetate and water. The ethyl acetate phase was washed with saturated sodium chloride solution, dnea 
over anhydrous sodium sulphate and evaporated to give 0.67 g of N 2 -{3(SHbenzyioxyformamioo)-2(R ano 
S)-hydroxy-4-phenylbutyi]-N'-isobutyl-L-prolinamide as a solid; Rf (System A) 0.39 and 0.33: MS: m/e 467 
[Ml'. 

50 

Example 21 



55 A solution of 249 mg of N-{3(SH[L-asparaginylIamino]-2(R)-hydroxy-4-phenylbutyl]-L-proline ten.cuty 

ester. 106 mg of 2-naphthoyl chloride and 72 mg of diisopropyiethylamine m 10 ml of dry dichloromethane 
was stirred at 20 ' C for 20 hours. The gelatinous reaction mixture was partitioned between dichloromethane 
and water. The organic phase was evaporated and the resulting oil was crystallized from ethyl acetate n- 



22 



V 




GP 0 346 847 A2 



hexane to give 215 mg of N-{2(RWiydroxy-3<S)-{[N-<2-naphthoyl) L-asparaginyl]aminol-4-phenyiburyil-L- 

proline tert.butyl ester, as a white solid: MS: m/e 603 (M + H]*. 

The N-{3(SH[L-asparaginyt]amino]-2{R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester used as the 

starting material was prepared as follows: 
5 A solution of 1.75 g of N-{3(SH[N-(benzyloxy cait3onyl-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyibutyl]-L- 

proline tert.butyl ester in 100 ml of ethanol was hydrogenated over 10% palladium-on-carbon for 64 hours. 

The catalyst was removed by filtration and the filtrate was evaporated. The residual gum was partitioned 

between ethyl acetate and 2M hydrochloric acid. The aqueous phase was made basic with dilute sodium 

hydroxide solution and extracted with ethyl acetate. The ethyl acetate extract was evaporated to give 1.14 g 
to of N-{3(S)-([L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as a white, solid 

foam: MS: m/e 449 [M + H]\ 



Example 22 



In a manner analogous to that described in Example 21. from 223 mg of N-{3(S)-([L-asparaginyljamino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester. 95 mg of toluene-4-sulphonyl chloride and 65 mg of 
diisopropylethylamine there were obtained 170 mg of N-{2(R)-hydroxy-4-phenyl-3(S)-{[N-(p-toiuenesul- 
20 phonyl)-L-asparaginyl]amino]butyl]-L-proline tert.butyl ester as a white solid (from ethyl acetate/n-hexane): 
MS: m/e 603 (M + H]\ 



Example 23 

25 

In a manner analogous to that described in Example 21, from 223 mg of N-[3(SH[l--asparaginyi]amino|- 
2<R)-hydroxy-4-phenylburyll -L-proline tert.butyl ester. 77 mg of phenylacetyl chloride and 65 mg of 
diisopropylethylamine there were obtained 190 mg of N-{2(R)-hydroxy-4-phenyl-3(SH[N-<phenyiacetyi)-L- 
30 asparaginyl]aminojbutyl]-L-proiine tert.butyl ester as a white solid (from ethyl acetate/n-hexane); MS. m e 
567 (M + H]\ 



Example 24 

35 

!n a manner analogous to that described in Example 21. from 249 mg of N-{3(S)-{[L-asparaginyi]ammo]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tert.butyl ester. 94 mg of hydrocinnamoyl chloride ana 72 mg of 
diisopropylethylamine there were obtained 214 mg of N-[3(SH(N-hyarocinnamoyi-L-asoaraginyiiamino!-2- 
(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as a white solid (from ethyl acetate/n-hexane); MS. m.e 
581 (M + HJ*. 



Example 25 

44 

in a manner analogous to that descnbed in Example 21. from 270 mg of N-[3(SH[L-asparaginyi]ammo]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tert.butyl ester. 114 mg of 1-naphthoyl chloride and 77 mg of 
diisoprooylamine there were obtained, after chromatography on silica gel using t0% methanol m dich- 
50 loromethane for the elution. 130 mg of N-{2(R)-hydroxy-3<SH[N-(1-naphthoyl)-L-asparaginyi]arninol-4- 
phenyibutyl]-L-proline tert.butyl ester as a white solid: MS: m/e 603 [M + H]". 



Example 26 

55 

In a manner analogous to that described in Example 21, from 270 mg of N-(3(SH[L-asparaginyi]amino]- 
2(R)-hydroxy-4-phenyibutyl] -L-proline tert.butyl ester. 100 mg of cinnamoyl chloride and 77 mg jf 
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diisopropyiethylamine there were obtained, after chromatography on silica gel using 10% methanol in 
dichloromethane for the elution, 99 mg of N-[3(SH(N-cinnamoyi-L-asparaginyi)-amino]-2<R)- -hydroxy-4- 
phenylbutylH. - P f0lin * tert.butyl aster as a white solid: MS: m/e 579 [M +■ H]*. 



Example 27 



A solution of 270 mg of N-(3(SH[L-asparaginyl]amino-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl 
/o aster and 98 mg of 4-phenylbutyric acid in 10 mi of dry tetrahydrofuran was cooled in an ice/salt mixture. 
81 mg of hydroxybenzotriazole, 69 mg of N-ethylmorpholine and 136 mg of dicyclohexylcarbodiimide were 
added and the mixture was stirred for 64 hours. The mixture was then diluted with ethyl acetate and filtered. 
The filtrate was washed with aqueous sodium bicarbonate solution and sodium chloride solution. The 
solvent was removed by evaporation and the residue was chromatographed on silica gel using System G 
rs for the elution to give 79 mg of N-{2(R)-hydroxy-4-phenyl-3(SH[N-<4-phenylbutyryl)-L-asparaginyl]amtno]- 
butyl]-L-proline tert.butyl ester as a white solid; MS: m/e 595 [M * H] . 



Example 28 

20 

In a manner analogous to that described in Example 27. from 249 mg of N-[3(SH[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyll-L-proline tert.butyl ester. 104 mg of 2-naphthylacetic acid. 75 mg ot hydrox- 
ybenzotriazole. 64 mg of N-ethylmorpholine and 126 mg of dicyclohexylcarbodiimide there were obtained. 
25 after chromatography on silica gel using 10% methanol in dichioromethane for the elution, 62 mg of N-{2- 
(R)-hydroxy-3(S)-{[N-C(2-naphthyl)acetyl]-L-asparaginyl]amino]-4-phenylbutyll-L-proline tert.butyl ester as a 
white solid: MS: m/e 617 [M *H]'. 



Example 29 



In a manner analogous to that described in Example 27. from 270 mg of N-{3(SH[L-asparaginyi]aminoj- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester, 108 mg of 4-methoxyhydroonnamic acid. 81 mg of 
is hydroxybenzotriazole. 69 mg of N-ethylmorpnonne and 136 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using System G for the elution. 113 mg of N-{2(R)-hydroxy-3- 
(SH[N-<4-methoxyhydrocinnamoyl>-L-asparaginyi]amino!-4-phenylbutyl]-L-proline tert.butyl ester as a «nite 
solid; MS: m.-e 61 1 [M * Hj". 

JO 

Example 30 



0.179 g of dicyclohexylcarbodiimide. 0.016 g of hydroxybenzotriazole and 0.09 g of N-ethyimorpnoime 
as were added to a stirred solution of 0.238 g of N-(3(St-ammo-2(R or S)-hydroxy-5-methylhexyi]-L-pronne 
tert.butyl ester and 0.210 g of N-<benzyloxycaroonyt)-l-asparagine in 10 ml of tetrahydrofuran at 0' C The 
mixture was stirred for 16 hours and then filtered. The filtrate was partitioned between ethyl acetate ana 
water and the organic phase was then washed with sodium bicarbonate solution and sodium cnionce 
solution. The organic phase was evaporated and the residue was chromatographed on silica gel using etnyi 
so acetate/methanol (9:1) for the elution to given, after recrystallization from ethyl acetate/n-hexane. Q.i3 g :f 
N-C3(S)-[[N-{benzyloxycarbonyl)-L-asparaginyllammo]-2(R or S)-hydroxy-5-methylhexyl)I-L-proline ten.Durvi 
ester as a white solid: MS: m/e 549 (M ♦ H] 

The N-(3(S)-amino-2(R or S)-hydroxy-5-metnylhexyl]-L-proline tert.butyl ester used as the starting 
material was prepared as follows: 
55 (i) a solution of 1.31 g of 3(S)-(benzyioxyformamido)-i .2(R or S)-epoxy-5-methylhexane ana 0 355 g 

of proline ten. butyl ester in 10 ml of dimethytformamiae was stirred at 100'C for 16 hours and the solvent 
was then removed by evaporation. The residue was partitioned between ethyl acetate and water "P-e 
organic phase was washed with sodium cnionce solution and evaporated. The residue was cnrorr.atcg- 
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raphed on silica gel using ethyl acetate/acetic acid/ettianol (■*: 1 : i ) for trie elution. Material havmg a Rf of 
approximately 0.24 was re-chromatographed on silica gel using System H for the elution to give 0.358 g of 
N-{3(SHbenzyloxyformamido)-2(R or S)-hydroxy-5-methyihexyl]-L-proiine tert.butyl ester in the form of a 
colourless oil: MS: m/e 435 [M + H]\ 

(ii) A solution of 0.35 g of N-[3(S)-(benzyloxyformamido)-2(R or S)-hydroxy-5-methylhexyl)]-L-proline 
tert.butyl ester in 20 ml of ethanol was hydrogenated over 10% palladium-on-ca/bon for 16 hours. The 
catalyst was removed by filtration and the filtrate was evaporated to give 0.238 g of N-{3(S)-amino-2(R_or 
S)-hydroxy-5-methylhexyl]-L-proline tert.butyl ester in the form of a colourless gum: MS: m/e 301 (M * H] . 



Example 31 



A solution of 0.28 g of N-(3(S)-{[L-asparaginyl]aminol-2(R)-hydroxy-4-phenylbutylJ-L-proline tert.butyl 
ester, and 0.083 g of benzyl isocyanate in 5 ml of dichloromethane was stirred at 20 "C for 2 hours. Ths 
solvent was then removed by evaporation and the residue was triturated with diethyl ether to give 0.174 g of 
N-[3(SH[N-{ben2ylcarbamoyl)-L -asparaginyi]amino]-2(R)-hydroxy-4-phenylbutyi]-L-proiine tert.butyl ester 
as a white solid: MS: m/e 582 [M ♦ H] . 



Example 32 



A solution of 0.28 g of N-{3(SH[L-asparaginyl] amino]-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl 
ester. 0.124 g of 1 -adamantanecarbonyl chloride and 0.081 g of diisopropylethylamme in 5 ml of 
dichloromethane was stirred at 20* C for 8 hours. A further 0.124 g of 1 -adamantanecarbonyl chloride and 
0.081 g of diiscpropylethylamine were added and stirring was continued at 20 'C for 16 hours. The solution 
was diluted with 20 ml of dichloromethane and washed in seouence with water, sodium carbonate solution, 
potassium bisulphate solution and sodium chloride solution. The organic solution was then evaoorated ana 
the residue was triturated with diethyl ether to give 0.2 g of N-{3(SH[N-(i-adamantyicaroonyo-L- 
asparaginyilammo] -2(R)-hydroxy-4-phenylbutyl-L-proiine tert.butyl ester as a white solid: MS: m-e 51 1 
[M + H] " . 



Example 33 



0.208 g of dicyclohexyicarbodiimide. 0.124 g of hydroxybenzotnazole and 0.106 g of N-ethyimoror.ciine 
were added to a stirred solution of 0.315 g of NM3(SVam.no-2<R)-hydroxy-4-phenyibucyij-N'-o_nenyi-L- 
prolinamide and 0.244 g of N-<benzyloxycaroonyl)-L-asparagme in 10 ml of tetrahydrofuran at 0 C. The 
mixture was stirred for 18 hours, then diluted with ethyl acetate and filtered. The filtrate was wasnea witn 
sodium bicarbonate solution and sodium chloride solution and the solvent was then removea by evaocra- 
tion. The residue was chromatograpned on silica gel using dichloromethane/methanol (9:1) for the elution to 
give 0.22 g of NM3(SH[N-<benzyloxycarbonyl)-L-asparaginyl]amino| # .2(R)-hydroxy4-phenyibutyij-.N - 
phenyl-L-prolinamide in the form of a white solid of melting point 169-171 ' C (from methanol). 

The N 2 -{3(S)-amino-2(R)-hydroxy-4-phenyibutyl]-N , -phenyl-L-proiinamide used as the starting material 
was prepared as follows: 

(i) 3.5 g of sodium borohydride were added to an ice-cooled stirred solution of 21 g of [N- 
(benzyloxycarbonyl)-L-phenylalanyl]methyl chloride in 500 mi -of aqueous tetrahydrofuran. Stirring was 
continued for 0.5 hour and the solvent was removed by evaporation. The residue was partitioned between 
dichloromethane and water and then carefully acidified with concentrated hydrochloric acid. After worxing- 
up the organic phase gave a white solid which ran as two spots: Rf 0.4 and 0.5 (5% methanoi.chioroformi. 
The solids were extracted with boiling hexane until ail of the higher running component had been extracted 
The combined n-hexane extracts were evaporated and the residue was re-extracted with boiling n-nexane to 
remove a small amount (0.5 g) of the lower running component. In this manner there were obtamea n 5 g 
of 3(SHbenzyloxyformamido)-t-chloro-4-phenyl-2(S)-butanol of melting point 151-153 C (from etnyi 
acetate/ n-hexane). 
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(ii) A solution of 11.4 g of 3(SMbenzyloxyformamido)-i-chloro-4-phenyl-2(S)-butanol in 300 ml of 
ethanol containing 2.24 g of potassium hydroxide was left to stand for 15 minutes. The solvent was 
removed by evaporation and the residue was partitioned between water and dichloromethane. Working-up 
gave 10.1 g of crude 3(SMbenzyloxyformamido)-i,2(S)-epoxy-4-phenylbutane as an off-white solid which 
was used without further purification. 

(iii) A solution of 0.594 g of 3<S)-<benzyloxyformamidoH ,2(S)-epoxy-4-phenylbutane and 0.38 g ot 
N' -phenyl-L-prolinamide in 5 ml of dimethylformamide was heated to 90' C for 16 hours and then to 120' C 
for 3 hours. The solvent was removed by evaporation and the residue was chromatographed on silica gel 
using diethyl ether/methanol (96:4) for the elution to give 0.48 g of N 2 -{3(S)-(benzyloxyformamido)-2(R)- 
hydroxy-4 -phenylbutyll-N'-phenyl-L-protinamide in the form of a white solid of melting point 133-135 C 
(from diethyl ether). 

(iv) A solution of 0.45 g of N 8 -{3(SHbenzyloxyformamido)-2(R)-hydroxy-4-phenylbutyi]-N' -phenyi-L- 
prolinamide in 20 ml of ethanol was hydrogenated over 10% palladium-on-carbon for 4 hours to give 0.315 
g of N 2 -{3(SVamino-2(fl)-hydroxy-4.phenylbutyl]-N'-phenyl-L-prolinamide in the form of a white solid: MS: 
m/e 354 [M*H]\ 



in a manner analogous to that described in Example 33. from 0.987 mg of 2-(3(S)- 
(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-i.2.3.4-tetrahydro-3(R.S)- 
isoquinolinecarooxamide, 0.665 g of N-<benzyloxycarbonyl)-L-asparagine. 566 mg of dicyclohexylcar- 
bodiimtde, 0.337 g of hydroxybenzotriazcie and 0.287 g of N-ethylmorpholine there was obtained 0.5 g of 2- 
[3(SM[N-<benzyloxycarbonylK-asparaginyl]aminol -2<R)-hydroxy-4-phenylbutylJ-N-tert.butyl-l .2.3,4- 

tetrahydro-3(R.S)-isoquinoiinecarboxamide as a paJe cream foam; MS: m/e 644 (M + H] . 



In a manner analogous to that descnbed m Example 33. from 0.225 g of dicyclohexylcarbodiimide. 
0.135 g of hydroxy benzotriazole. 0.1 1 5 g of N-ethylmorpholine. 0.38 g of N 2 -{3(S)-amino-2(R)-hydroxy-4- 
pnenyibutyi]-N -benzyl-L-prolinamide and 0.266 g of N-<benzyioxycarbonyl)-L-asparagine there was ob- 
tained 0.056 g of N'-benzyl-N2-(3(SH[N-(benzyioxycarbonyl)-L- asparagmyl]amino]-2(R)-hydroxy-4- 
phenylbutyl]-L-prolinamide as a white solid: MS: m;e 616 [M + H] 



A solution of 270 mg of N-{3(SHbenzyloxyformamido)-4-(4-fluorophenylV2(RVhydroxybutyl]-L-proline 
tert.butyl ester in 50 ml of ethanol was hydrogenated over 30 mg of 10% palladium-on-carbon for 2 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was coupied with 
1 58 mg of N^benzyloxycarbonyi)-L-asparagme in a manner analogous to that described in Example 1 The 
crude product was chromatographed on silica gel using 10% methanol in dichloromethane for the eiution. 
There were obtained 120 mg of N-{3(SH[N-{benzyloxycarbonyl)-L-asparaginyllam.no]-4-<4-fluorophenyi>-2- 
iRWiydroxybutylK-proline tert.butyl ester as a white solid of melting point 163-164 C. 

The N-{3(SHbenzyloxyformamido)-4-(4-fluorophenyl)-2(R)-hydroxybutyl]-L-proline tert.butyl ester usea 
as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example i9(i). 7 70 g of N-<benzyloxycarbonyi) 3-<4- 
fluorophenyl)-OL-alanine were treated with isobutyl chloroformate followed by reaction with diazomethane to 
give 7.15 g of benzyl [2-<4-fluoropnenyl)-i(RSW2-diazoacetyl)ethyl] carbamate as a yellow solid of memng 
point 97" C. 

(ii) Treatment of the above product with hydrogen chloride in a manner analogous to that descncea 
in Example l9<ii) gave 6.70 g of (N-(benzyloxycarbonyt)-3-(4-fluorophenyl)-OL-alanyi)methy) chloride *n.ch 
was used without further purification. 
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(iii) Reduction of 6.30 g of the above product with sodium borohydride in a manner analogous to that 
described in Example I9(iii) gave 5.83 g of a mixture of alcohols. This mixture was chromatographed on a 
column of silica gel using 2% methanol in dichloromethane for the elution to give 0.95 g of threo-3- 
(benzyloxyformamido)-l-chloro-4-(4-fluorophenyl)-2-butanol as a white solid. Further elution of the column 

s with the same solvent system gave 3.25 g of erythro-3-(benzyloxyformamido)-l-chloro-4-(4-fluorophenyi)-2- 
butanol as a white solid of melting point 148-149* C. 

(iv) Treatment of 3.20 g of erythro-3-<benzyloxyformamido)-l-chloro-4-{4-tluoroprienyl)-2-butanoi with 
ethanotic potassium hydroxide solution in a manner analogous to that described in Example i9(iv) gave 
2.03 g of erythro-3-(benzyloxyformamidoH ,2-epoxy-4-(4-fluorophenyl)butane as a white solid: MS: m/e 315 

•■0 (Mf. 

(v) 0.63 g of the above product was treated with L-proline tertbutyl ester in a manner analogous to 
that described in Example 19(v). The crude product was chromatographed on a column of silica gel using 
5% methanol in dichloromethane for the elution. There was obtained 0.26 g of N-(3(R>- 
(benzyloxyformamido)-4-(4-rluorophenyl)-2(SVhydroxybutyl]-L-proline tert.butyl ester as a colourless oil: 

is NMR (CDCIj. 300 MHz) & 1.47 (9H.S). 1.75-1.95 (4H.m), 2.05-2.15 (1H,m). 2.25-2.35 (1H.M). 2.50-3.00 
(4H,m). 3.20 (2H.m>. 3.58 (1H.m), 3.85 (1H,m). 4.88 <1H.d). 5.00 (2H.dd). 6.94 (2H.t), 7.13-7 37 (7H.m). 

Further elution with the same solvent system yielded 0.275 g of N-{3(S)-{benzyloxyformamido)-4-<4- 
fluorophenyl)-2(R)-hydroxybutyl]-L-proline tert.butyl ester as a colourless oil: NMR (COCI3. 300 MHz) 5 1.42 
20 (9H.s>. 1.75-1.95 (4H.m). 2.05-2.20 (1H.m). 2.54-2.80 (3H.m), 2.85-2.98 (2H.m). 3.03-3.24 (2H.m). 3.44 
(lH,m). 3.92 <1H,m). 4.88-5.06 (3H.m). 6.93 (2H.t). 7.10-7.40 (7H.m). 



Example 37 

25 

A solution of 730 mg of N-{3(SHbenzyloxyformamido)-2(R)-hydroxy-4-(4-methoxyphenyl)butylI-L-proline 
tert.butyl ester in 20 ml of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbon for 2 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was couciea with 
30 340 mg of N-<benzyioxycarbonyl)-L-asparagine in a manner analogous to that described in ExamDie 1. The 
crude product was chromatographed on a column of silica gel using 10% methanol in dichloromethane 'or 
the elution. There were . obtained 82 mg of N-(3<SH[N-(benzyioxycarbonyl)-L-asparaginyi]aminoj-2<R)- 
hydroxy-4-<4-methoxyphenyi)butyi]-L-proline tert.butyl ester as a white solid: MS: m/e 613 [M *h]". 

The N-[3(SWbenzyloxyformamido)-2(R)-hydroxy 4-<4-methoxyphenyl)butyll-L-proline tert.outyl ester 
is used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example l9(i). 3.10 g of N-(benzyloxycarnonyn-3-(4- 
methoxyphenyi)-L-alanine were treated with isobutyl chloroformate followed by diazomethane to give 2.33 g 
of benzyl [2-(4-methoxyphenyl)-l(SH2-diazoacetyi)ethyl] carbamate as a pale yellow solid of mening zoni 
88-90 "C 

(ii) 2.80 g of the above product were treated with hydrogen chloride in a manner analogous ;c that 
described in Example l9(ii) to give 2.85 g of [N-lbenzytoxycarbonyi)-3-(4-methoxyphenyi)-L-aianyi!me;riyi 
chloride as a white solid of melting point 107* C. 

(iii) The above product was treated with sodium borohydride in a manner analogous to that describee 
in Example I9{iii). The crude product was triturated with 30 ml of 5% methanol in dichloromethane to give 

4S 1.15 g of 3(SHbenzyloxyformamido)-1-chloro-4-(4-methoxyphenyl)-2(S)-butanol as a white solia: MS. n e 
363, 385 [M]*. 

(iv) The above product was treated with ethanolic potassium hydroxide solution <n a manner 
analogous to that described in Example i9(iv) to give 0.86 g of3(SWbenzyloxytormamido)-i .2(S)-eooxy4- 
(4-methoxyphenyi)butane as a white solid of melting point 86-87* C. 

50 (v) 0.51 g of the above product was treated with L-proline tert.butyl ester in a manner analogous to 

that described in Example 19(v) to give 0.63 g of N-f.3(SHbenzyloxyformamido)-2(R)-hydroxy-4-,a-rnetrox- 
yphenyi)buty!]-L-proline tert.butyl ester as a colourless oil: MS: m;e 498 [M] 



55 
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A solution of 1.58 g of N 3 -{3(SHben2ytoxyformamido)-4-{4-tert.butoxyphenyl)-2(R)-hydroxybutvi]-N'- 
tert.butyl-L-proiinamide in 200 ml of ethanol was hydrogenated over 100 mg of 10% palladium-on-carbon 
for * hours. The catalyst was removed Oy filtration and the filtrate was evaporated to give an oil whicn w as 
couoled witfi 0.74 g of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that described m 
Example 1. The crude product was chromatograohed on a column of silica gel using 10% methanol m 
dichioromethane for tne elution. There was obtained 0.59 g of N 2 -(3<SH[N-<benryloxycardonyi)-L- 
asoaraginyi]am.noh4-{4-terT.t3utoxyphenyl)-2(R)-hydroxybutylJ-N'.tert.butyi-L-prolinamide as a white soiio- 
MS: m;e 654 (M + H] . 

The NH3(SHb«nryloxyformamidoH*-{*-t»rt.butoxyphenyl)-2(R)-hydroxybutyl]-N , -tert.buryl-L-pro- 
linamide used as the starting material was prepared as follows: 

(i) in a manner analogous to that descnbed in Example I9(i). N-(benzyloxycarbonyi)-3-(4- 
tert.butoxyphenyl)-L-alanine {prepared from 7.45 g of the dicyclohexyiammonium salt) was treated witn 
isobutyl chloroformate followed by reaction with diazometnane to give 3.58 g of benzyl [2-<4- 
tert.butoxyphenyl)-i(SH2-dia2oacetyl)ethyl] carbamate as a yellow solid of melting point 80-82* C. 

(ii) Treatment of the foregoing carbamate with hydrogen chloride in a manner analogous to that 
described m Example i9<ii) gave 3.6 g of [N-(benzyloxycaroonyl)-3-{4.tert.butoxyphenyl>-L-aJanyiImethyl 
cnlonde which was used witfiout further purification. 

(iii) Reduction of the foregoing chloride with sodium borohydride in a manner analogous to that 
descnbed in Example I9(iii) gave a mixture of alcohols which was triturated witn hot n-hexane to give 3.14 
g of a white solid. This solid was recrystallized from a mixture of ethyl acetate and n-hexane to give i .88 g 
of 3(SHbenzyloxyformamido>-4.{4-tert.butoxyphenyl>-Khloro-2(S>-butano( as a white solid: NMR (CDClj, 
250 MHz) S 1.35 (9H.s). 2.85-3.05 (3H.m>. 3.50-3.70 (2H.m>. 3.80-3.90 (1H.m). 3.92-4.04 (iH.m). 4.85 (1H d) 
5.00-5.10 (2H.m), 6.93 (2H.d). 7 10 (2H.d). 7 25-7.40 (5H.m). 

(iv) 5.52 g of tne above product were treated with ethanolic potassium hydroxide solution in a manner 
analogous to that descnbed in Example i9<iv) to give 4 98 g of 3(SWbenzyioxyformamido)-4-{4-tert.butoxy 
phenyl)- 1 2(S)-epoxybutane as a colourless gum: NMR (CDCb. 250 MHz) 4 1.36 (9H.s). 2.75-3.05 (SMmi 
3.76 (IH.m). 4.73 (IH.d). 5.07 (2H.s). 6.95 (2H.d). 710 (2H.d). 7 25-7.40 (5H,m). 

(vi 2.50 g of the above product were treated with N'-tert.butyl-L-prolinamide in a manner analogous 
to that aescnbed m Example i9<v) to give i .58 g of N 2 -(3(S)-(benzyloxyformamido)-4-<4-tert.butoxyphenyo- 
2<RVhydroxybutyl]-N'-tert.duty!-L-prolinamide as a colourless oil: MS: m/e 539 [M]*. 



A solution of 200 mg of (^^(Sl-^N^benzyloxycaroonyD-L-asoaraginyilaminol-^^tert.butoxypnenyD-S- 
(R)-nyaroxyouryl]-N , -tert.outyM.-prolinamide in 5 ml of trifluoroacetic acid was stirred at room temoerature 
for 20 hours. The solution was poured mto excess saturated sodium hydrogen carbonate solution and the 
mixture was extracted with three 30 ml portions of dichloromethane and three 30 ml portions of ethyl 
acetate. The combined extracts were dried over anhydrous sodium sulphate and evaporated to give 1 00 mg 
of a colourless gum. This was chromatograpneo on a column of silica gel using \0< u a methanol n 
dichioromethane for the elution to give 42 mg of a glass-like solid. This solid was tnturated with a mixture of 
1 mi of diethyl ether and 3 mi of n-hexane to give 28 mg of N 2 -{3(SH[N-<benzyioxycarbonyl)-u-asoaraginyil- 
amino]-2(R>-hydroxy-4-<4-hydroxYphenyi)buryi]-N , -tert.buryl-L-proiinamide tnfiuoroacetate as a giass-iike 
sotid: MS: m/e 598 [M-CF 3 COif 



in a manner analogous to that descnbed m Example 1. from N 2 -{3{SHbenzyloxyformamidoi-2(Rl- 
hyaroxy-4-ohenyibutyll-NMert.butyl-L-prolinamide and NWbenzyloxycarbonyl)-L-aspartic acid 4-methyi ester 
:here was obtained N 2 -{3(SH[' s '-(benzyioxycaroonyl)-4-0-methyl-L-a-asparryl]amino]-2(RVhycroxY-i- 
pnenytburyil-N'-tert.Outyl-L-proiinamide as a glassy sond of meiting point 55-60' C; MS: m/e 597 (M -Hj" 
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In a manner analogous to that described in Example i. from N 2 -{3(SHbenzyioxyformamtaoi-2!P> 
hydroxy-i-phenylbutythN'-tert butyl-L-proiinamide and N-(benzyloxycarbonyl)-L-methionme there -vas oo- 
5 tained NH3<SH[N^ben2yioxycarbony!H--methionyi]aminol^ 
linamide as a white solid of melting point 132-133' C. 



Example 42 

ra 

N 2 -{3(S)-[[N,3-bis(8enrytoxycai1:onyO-L-hist!dyi]aminol-2(R)-nydroxy-4-phenylburyi]-N'-fea.3uryi-L- 
prolinamide was prepared from N2-{3(SHbenzyioxyformamido)-2(R)-hydroxy-4-phenyiburyi]-N'-{ea.ouryi-(.- 
prolinamide and N.3-bis(benzyloxycarbonyi)-L-histidine in an analogous manner to that described n Exam- 
n pie i and was obtained as a colourless glass: MS: m/e 739 [M *H]\ 



Example 43 



A solution of 30 mg of N 2 -{3(SH[N.3-bis(benzyloxycarbonyl)-L-histidyl]amino]-2(R)-hydroxy-4- 
phenylbutyil-N'-tert.butyl-L-prolinamide in 6 ml of 2M hydrochloric acid was stirred at room temperature 
overnight. The mixture was neutralized by the addition of 2M sodium hydroxide solution and extracted wirh 
two 10 ml portions of dichloromethane. The combined extracts were dried over anhydrous sodium sulphate 
23 and evaporated. The crude product was triturated with diethyl ether to give 14 mg of N 3 -{3{SV{[N- 
(benryloxyca/Oonyl)-L-histjdyl]amino|-2(RHiydroxy-4-phenyibutyl]-N'-tert.buryl-L-prolinamide as a white sol- 
id of melting point 100* C (decomposition): MS: m/e 604 [M\ . 



30 Example 44 



In a manner analogous to that described in Example 21. from 224 mg of N-{3<SH[l--asoar3ginyt;arfvr-c:- 
2(RWiydroxy-4-phenylbutyiI-L-proiine tert.Dutyl ester. 70 mg of benzoyl chloride ana 55 -rq 3f 
is aiisoprooyiethyiamine there were ootained. after chromatography on silica gei using iq% -netrarci n 
dichloromethane for the elution. 20 mg of N-{3(SH(N-benzoyi-L-asparaginynaminoj-2(R^ yc :rcxv--s-- 
phenyiburyi]-l-protine tert.butyl aster as a white solid from methanol/diethyl ether: MS: m.e 553 [M - 



40 Example 45 



In a manner analogous to that described m Example 27. from 224 mg of N-{3(SH[L-asoaraginy.:ar-:Pci- 
2(RHiydTOxy-4-pnenytbutyl]-L-proline tert.butyl ester. 93 mg of i -naohthyiacetic acid. 68 mg of -ivcrcxvoen- 
■<« zotriazot*. 58 mg of N-etnylmorpholine ana 113 mg of dicycionexylcarbodiimide there were ootairec a-er 
chromatograeny on silica gel using 10% methanol in dichloromethane 'or the elution. 106 mg of \-;2iRi- 
rrydnaxy-3<SHrN^2^1wiaphthyl)acetyiK-a3oaraginyllaminol-4-onenylbutyi]-L-proline tert.butyl aster is a 
white solid from methanol/ diethyl ether: MS: m/e 61 7 [M ♦ h] 

50 

Example 46 



In a manner analogous to that described m Example 27. from 493 mg of N-{3(SH[L-asoaraq:nv ;ar-.r C ; 
55 2(R)-hydroxy-4-phenylbutylH. -proline tert.butyl ester, 190 mg of quinaidic acid. 149 mg of -vcrc*-.cen 
zotnazole. 127 mg of N-ethytmorpholine and 249 mg of dicyclohexylcarboditmide there were rctairec i~e 
cnromatograpny on silica gel using iQ*a methanol m dichloromethane for the elution. 167 -rq :r n-z.-i 
hydroxy-4 phenyl-3(S)-C[N-(2-quinoiylcarbonyl>-L-asparaginyi]amino]butyl]-L-proiine terrcuryi ester is ; 
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white solid from methanol/diethyl ether: MS; m/e 604 [M + h] 



in a manner analogous to that described in Example 27. from 234 mg of N-(3(SH[L-asparaginyi]amino]- 
2(R)-hydroxy-4-phenyibutylK-proline ten.Dutyl ester, 96 mg of 4-chiorohyarocmnam.c acta. 70 mg of 
hydroxyoenzotriazoie. 60 mg of N-ethylmorphoiine and n8 mg of dicyclohexyicarbodiim.de there were 
obtained, after chromatography on silica gel using System Q for the eluticn. 171 mg of N-{3(S)-{[N.<4- 
chioronydrocinnamoyl)-l-asparaginyi]aminol-2(H)-nydroxy-4.phenylbutytl-L-proline tert.butyi ester as a wmte 
solid: MS: m/e 615 [M*H]*. 



in a manner analogous to that descnbed in Example 27. from 234 mg of N-(3(SH[<-asparag,nyllam.no]- 
2(R>-hydroxy-4-phenyibutyil-L-proline tert.butyi ester. 90 mg of I -soquinolinecarboxylic acid. 70 mg of 
hydroxybenzotriazole. 60 mg of N-ethylmorphoiine and 118 mg of dicyclohexyicaroodiimide mere were 
obtained, after chromatography on silica gel us.ng 10% methanol in dichloromethane for the eluton. 146 
mg of N^2(Rhhydroxy-3<SH[N-(i-iSO<quinolyicarbonyl)-L-asparaginy0aminoh4.ohenylbutyl>L-proline 
tert.butyi ester as a pale cream solid from atfiyi acetate/n-hexane; MS; m/e 604 [M * h] 



in a manner analogous to that described in Example 21. from 209 mg of NHSjSHtL-asoaragmy.]- 
amino|-2(R)-hydroxy-4- 0 henyibutyll-N , -tert.butyi-l.-prolinamide. 89 mg of 2-napnthoyi chlor.de ana 61 mg = f 
dhsopropyethyiamme there were obtained 191 mg of N'.teft.butvl.N«.{2(R>.hydroxy.3(SH[N-<2-naphtnoy.)- 
L-asoarag.nyilam.nol-4.pnenyibutyiK-proiinam.de as a white solid: MS: m/e 602 (M * h] 

The starring matena. was prepared by hydrogenanng N^SHtNHbenzyioxycartonyO-L-asoarag.ny.l- 
am.nc]-2(R)-riydroxy-4.phenytburyn-N'- t ert.butyi-L-prolinam.de: MS: m,e 582 [M*H1 The latter ccmpounc 
*as obtained in a manner analogous to that descnbed m Example 33. Out using n' -tert.butyi-L-pro.inam.ee 
m oaragraph (iii) m place of N'-phenyi-L-protinamide. 



A solution of 2-798 g of H3(SVam.no-2(RVhydroxy-4^henylbutyll-N-tert.butYl-octahydro-cyclooentaibt- 
ovrroie-2-cartwuwiide (four diastereomers) and 2.72 g of N-<benzyloxycarbonyi)-L-asparag.ne succmm.ce 
ester in SO ml o* dimethoxyethane was stirred at 20 " C for 2 hours and the solvent was then removed oy 
evaporation. The residue was taken up in ethyl acetate and the solution was washed with aaueous soa.um 
carbonate solution and sodium chlonde solution. The organ.c solution was evaporated and the residue -as 
chromatography on s.lica gel using System G for the elut.cn. There were obtained 434 mg oM -(3<S,-,.[N- 
.benzyiOKycmrtjony^L-W 

cyciooenta(b]pyrrole-2(S)-carboxam.de as a white so.id from ethyl acetate: MS: rrve 622 [M H] Rr 3 .22. 

The 1 .{3<S)-am.no-2(R)-hydroxy-4^henylbutyl^^ 
amide used as the starting material was prepared as follows: 

<i) A solution of 2.98 g of 3<SWbenr,ioxyformam.doH.2(S>-epoxy-4-phenyibutane and 2.1 3 of n. 
;9 rt.buty.-octahydro-cyclopenta(blpyrroie-2-carboxam.de in 50 ml of ethano. was heated at ref ux -or : C 
hours and the solvent was then removes by evaporation. Chromatography on silica gel us.ng System n c 
the elut.on then gave 4.7 g of 1 .{3<SHben 2y1 oxyformam.do)-2<R)-hydroxy^ 
octan y aro-cyclooenta(b!pyrroie-2-carboxam,de as a mixture of four diastereomers: MS: m/e 508 ,M - «] 
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(ii) A solution of 4.6 g of l-(3(SHbenzyloxyformamido)-2(R)-hydroxy-*-ohenyibutYi]-N-tert.butvi- 
octanydro^yclopenta(b]pyrroie-2-carboxamide (four diastereomers) in 90 mi of etnanoi was nyarogenateo 
over 10% pailadium-on-carbon at 20 'C and under atmospheric pressure for 72 hours. The catalyst *as 
removed by filtration and the filtrate was evaporated to give 2.958 g of 1 -{3(Sl-amtno-2(R)-hyaroxy-*- 
phenylbtitvihN-tert.butyl-octahydro-cyclopenta(b]pyrrole-2-carDoxamide (four diastereomers> as a orowrusn 
Oil; MS: m/e 508 [M ♦ HJ*. 



In a manner analogous to that descnbed in Example 27. from 310 mg of t.{3(SH[L-asoaraginyilamino]. 
2{R)-hydroxy-4^henylbutyi]-N-tert.buryl^tahydro^3aS.6aSKyclopenta(b)pyrrote-2(SH:arboxamide. 1 1 1 
mg of quinaldic acid, 86 mg of hydroxybenzotriazole. 74 mg of N-etrtylmorpholine and 1 32 mg of 
dicyciohexylcarbodiimide there were obtained, after chromatography on silica gel using 
dichloromethane/methanol (9:1) for the elution. 200 mg of N-tert.butyl-octahydro-H2(R)-hydroxy-4-phenyi-3- 
(SV{[N-(2^uinolylcarbonyihL-asparaginyilaminolbutytH3aS.8aSKyclopenta(blpyrrole-2(S)-carboxamide as 

a white solid: MS: m/e 643 [M + H]*. 

The i-{3(SH[L-asparaginyl]aminoj-2(R)-hyd;roxy-4-phenylbutyl]-N-tert.butyi-octahydro-(3aS.6aS)- 
cyctopenta(b]pyrrole-2(S)-carboxamide used as the starting material was prepared as follows: 
A solution of 397 mg of i-{3(SH[N-<benzyloxycarbonyl)-L-asparaginyi]ammoj-2(R)-hydroxy-4<ihenylbutyll- 
N-tert.buryl^ctahydro-<3aS.6aSVcyclopenta(blpyrrole-2(SKarboxamide in 20 ml of ethanol was hydroge- 
nated over 1 0% palladium-on-carbon at 20 ' C and under atmospheric pressure for 4 hours. The catalyst 
was removed by filtration and the filtrate was evaporated to give 312 mg of H3(SH['--asparaginyl]amino}-2- 
(R)-hydroxy-4-phenylbutyll-N-tert.butyl<«tahydro-<3aS.6aSKyclopenta(blpyrrole-2(S)-carooxamide as a 
paie yellow gum: MS: m/e 488 [M + H] . 



in a manner analogous to that described in Example 27. from 295 mg of N2-[3(S)-{[L-asDarag.nyi]- 
amino]-2(R)-hydroxy-*-phenylbutyl]-N , -tert.butyl-L-orolinam»de. 204 mg of 6-(benzyloxycaroonyi)-2-oaon- 
thoic acid. 20 mg of hydroxybenzotriazole. 77 mg of N-ethylmorphoiine and 1 51 mg of dicyaonexyicar- 
bodiimide there were obtained, after chromatography on silica gel using System G for the elution. 3*0 mg 
of N2-(3(SH[N-{6-(benzyioxycaroonyi)-2-naDhthoyil-L-asparaginyl]am.no]-2(RVhydroxy-4-onenyiburYi!-N-- 
tert.butyi-L-prolinamide as an off-white solid from ethyl acetatan hexane: MS: m/e 736 [M + H] 



294 mg of N a -{3(SH[ N -(6-(benzYioxycarbonyi)-2-naohtrioyl]-L-asparaginyi]amino]-2(flVnyarcxv-4. 
pnenylbuty»r^Mert.butyl-L-proiinarnide >n 100 ml of isopropanoi was hydrogenated over 10% oaiiacium-on- 
cartoon at 20* C and under atmosphenc pressure for 16 hours. The catalyst was removed by filtration ana 
the filtrate was evaporated to give t*S mg of N2-{3(SHt N -<6-carboxy-2-naphthoyi)-L-asparaginy.iam 1 nol-2- 
(RVhydroxy-^henylbutylj-N'-tert.butyl-L-proiinamide as a white solid from methanol/ethyl acetate: MS. m.e 
646 [M * H] " . 



In a manner analogous to that described m Example 27. from 295 mg of N*.{3(SH[L-asparag.ny.]- 
am.no]-2(R)-hydroxy.4-pnenylbufyll-N'-tert.butyl-L-oroiinam.de. 171 mg of Mbenzyioxycaroany.me^c.c 
acid. 90 mg of hydroxybenzotriazole. 77 mg of N-ethyimorpholine and tSl mg of dicycionexy.carood..rr,ce 
there were obtained, after chromatography on silica gel using System Q for the elution. 390 mg ;t N---.2.S-- 
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rp^4^b«nzyloxYcait»nyl)benzoyn-^ 

prolinamide as an oft-white solid from ethyl acetate/n-hexane: MS: m/e 686 [M + H] 



274 mg of N a -{3(SHC N ^<benzyloxycarbonyl)benzoyl]-L-asDaraginyl]aniino]-2(R)-hyaroxy-4- 
phenyibutyl-N'-tert.butyl-L-prolinarnide m 100 ml of isooropanol were hydrogenated over 10% pailadium-on- 
caroon at 20 "C and under atmospheric pressure for 16 hours. The catalyst was removed by filtration and 
the filtrate was evaporated to give 193 mg of NH3(SH[N-<4-carboxybenzoylH--asparaginyi]amino]-2(R>- 
hydroxy-A-phenylbutyll-N'-tert.butyl-L-protinamide as a white solid from methanol/ethyl acetate; MS: m/e 
596 [M* Hi". 



in a manner analogous to that descnbed in Example 27, from 228 mg of Na-(3(S>-C[l--asoaraginyih 
amino]-2(R)-hydroxy-4-phenylbutyl]-N'-tert.butyl-L-prolinamide. 98 mg of 4-nitrocinnamic acid. 69 mg of 
hydroxyoenzotnazole. 59 mg of N-ethylmorpholine and 118 mg of dicyclohexylcartiodiimide there were 
obtained, after chromatography on silica gel using aicnioromethane/methanoi (9:1) for the aiution. 68 mg of 
NMert.buryiwvJH2(R)^ydroxy-3<SM[N-<4^itrconnamoy^ 
as a white solid from methanol/diethyl ether: MS: m/e 623 [M ♦ H] 



A solution of 200 mg of N'-tert.butyi-N^-f^RVhydroxy-aiSHtN^^n.trocinnamoylVL-asparaginyllammci- 
4-ohenyibutyi]-L-prolinamide m 20 mi of ethanoi was hydrogenated over 10% palladium-on-carbon at 20 C 
ana unaer atmospnenc pressure for 5 hours. The catalyst was removed by filtration and the filtrate was 
evaporated. The resiaue was chromatographed on silica gel using dichloro methane^methanoi <9:i) 'or :r.e 
aiution to give 40 mg of Ni.{3(SH[N-<4-aminohydrocinnamoyl)-L-asparaginyl]amino]-2(R)-hyarcxy- : t. 
pnenyibutyil-N'-tert.butyi-L-prolinamiae as a white solid from methanol/ethyl acetate: MS. m/e 595 [M * h] 



in a manner analogous to that descnbed in Examoie 27. from 4i8 mg of NHStSWtL-asoaragiPy!- 
ammoh^R^^Sroxy-Hjhenylburyll-N'-tert.buryl-L-oroiinam.de. 205 mg of 1 -acetyt-l .2.3.4-tetranycro-2- 
(R S^uinottna-carooxylic add, t27 mg of hydroxyoenzotnazole. 108 mg of N-ethyimorphoime ana 2i2 mg 
of dicyclohexylcartxxliimide there were obtained, after purification by chromatography on silica gei ys.rg 
dichioromethane/methanol (9:1) for the eiution. 220 mg of NM3<SHtN-((l-acetvM 2.3.4.tetrahyaro-2<RS 
qumoiyi)carttonylH-asoaraginyllam.nol-2<R)-hydroxy4.phenylburyl-N' -tert-butyl-L-prolinamide (two 3.a- 
stereomers) as a white solid from dichioromethane/diethyl ether: MS. m/e 649 (M * H] 



in a manner analogous to that descnbed in Example 27. from 41 8 mg of N»-{3{SH(L-asoa/ag.r- f 
ammo |-2(RVhydroxy-4-phenylbutyll-N' -tert.buryl-L-prolinam.de. 179 mg of 1 .2.3.4-tetrahydro- 1 -oxo-3. 
■ soqu.noiinecarooxylic acid. 127 mg of hydroxyoenzotnazole. 108 mg of N-ethylmorphol.ne ana 2i2 -g 
aicyciohexyicaroodiimide there were obtained, after chromatography on silica gel using System i 
eiunon. 132 mg of N'-tert.dutyi-NH3(SH[N-«i.2.3.4-tetrahYdro-i-oxo-3(R or S)-.soQu.noly.)carccr . 
asoarag.nyllam l nol-2(RVhydroxy-4-ohenyibutyil-L-proiinamide idiastereomer A) as a white sono 
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methanol/diethyl ether. MS: m/e 621 [M + H]\ and 66 mg of N'-tert.butyi-N^-^SWtN-Ui .2.3.4- tetranyaro-i- 
oxo-3<R or S)-isofluinolylk:arbonyl]-L-asparaginyi]aminol-2(R)-hy(3roxy-4-prienyibutyi]-L-proiinarniae 
(diastereomer B) as a white solid from methanol/diethyl ether: MS: m/e 621 [M ♦ H]" . 



Example 60 



In a manner analogous to that described in Example 27. from 418 mg of N 2 -(3(S)-{[l--asparaginyi]- 
io amino ]-2(R)-hydroxy-4-pfienylbutyil-N'-tert.butyi-L-prolinamide. 218 mg of 2-acetamido-i .2.3.*-tetranydro-2- 
naphtnoic acid. 127 mg of hydroxybenzotriazole. 108 mg of N-ethylmorphoiine and 212 mg of dicyciohexyt- 
carbodiimide there were obtained, after chromatography on silica gel using dichloromethane/methanoi (9:1) 
for the elution. 142 mg of N 2 -(3(SH[N-{2(R or Shacetamido-1 ,2.3.4-tetrahydro-2-naphthoyi]-L-asparagmyi]- 
aminoi^tRl-hydroxy^phenylbutyll-N'-tert.butyl-L-prolinamide (diastereomer A) as a white solid: MS: m/e 
663 (M ♦ Hi", and 80 mg of N 2 -{3(SHIN-[2(R or S)-acetamido- 1 ,2.3,4-tetrahydro-2-naphthoyil-L-asparaginyi]- 
amino]-2(R)-hydroxy-4-phenylbutyl]-N , -tert.butyl-L-prolinamide (diastereomer B) as a white solid: MS: m,e 
663 [MfHf . 



20 Example 61 



in a manner analogous to that described in Example 27. from 209 mg of N 2 -[3(SH[L-asparaginyi]- 
aminol-2(R)-hydroxy-4-phenylbutyl]-N'-tert.butyl-L-prolinamide. 31 mg of qumaldic acid. S3 mg of hyarox- 
2S ybenzotnazole. 54 mg of N-ethylmorpholine and 106 mg of dicyclohexylcarbodiimide there were obtained, 
after chromatography on silica gel using dichloromethane/methanoi (9:1) tor the elution. 88 mg of N 2 -f2(RV 
hYdroxy-4-phenyl-3(S)-([N-<2-duinolylcarbonyi)-L-asparaginyl]aminolbutyll-N'-tert.butyl-L-proiinamide as a 
white solid: MS: m/e 603 [M + H]". 
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Example 62 



A solution of 344 mg of i -{3(S1-amino-2(R)-hydroxy-4-phenylbutyll-N-tert.butyi-2(S)-oioeriGinecarco- 

js xamide ana 882 mg of N-(benrytoxycarbonyi)-L-asoaragine succinimide aster m 25 ml of tetranyarcruran 
was stirred at 20 *C for 16 hours ana then evaporated. The residue was dissolved m 50 mi of ;icn- 
loromethane and the organic solution was washed with saturated sodium cnlonde solution ana water The 
solvent was removed by evaporation and the residue was chromatographed on smca gei using 
dichloromethane/methanoi (9:1) for the elution. There were obtained 461 mg of i-(3(Si-{[N- 

jo (benryloxycart5onyl)-L-a3paraginyilaminol-2(R)-hydroxy-4-phenyibufyi]-N-tert.buryi-2(S)- 
piQ'eridinecarboxamtde as a pale cream solid: MS: m/e 596 (M ♦ HI 

The. K3(S>-amino-2(RHiydroxy-4-phenyibutyl]-N-tert.Suryi-2(S)-piperidinecarboxamide used as the 
starting material was prepared as follows: 

(i) 2.578 g of N-tert.butyl-2(S)-piperidinecarboxamide and 4.158 g of 3(SWbenryioxyformamidoi-i 2- 

<s (S)-epoxy-4-pnenylbutane in 70 ml of ethanol was neated at reflux for 16 hours. The solvent was .-emoved 
by evaporation and the residue was dissolved m 100 ml of diethyl ether and treated with 10 g of activated 
magnesium silicate. The solvent was then removed by evaooration and there were obtained 6. 1 6 g of ;-[3- 
(S)-(ben2ytoxyformamido>-2(R)-hydroxy-4-pnenylburyil-N-ten.butyl-2(S)-piperidinecarboxamiGe as a colour- 
less giass: MS: m,e 482 [M + H]". 

so (ii) A solution of 1.25 g of i-£3(SHbenzyloxyformamido)-2(R)-hydroxy-4-phenyibutyi]-N-tert.buryi-2fSl- 

pipendinecarboxamide in 80 ml of ethanol was hydrogenated over 10% palladium-on-carbon at 20 C ana 
under atmospnenc pressure for 16 hours. The catalyst was removed by filtration and the titrate was 
evaporated to give 0.844 g of t-{3(SVamino-2(R)-hyaroxy4-pnenyibutyl]-N rert.buty! 2(S>piDencinecarccx- 
amide as a pale yellow gum: MS: m/e 348 [M *■ H] 
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in a manner analogous to that described in Example 21, from 228 mg of i-{3(SHf-asparagin y i]aminoi- 
2(H)-hyo>oxy-4-ph«fiylbutyl]-N-tert.t3utvl-2(S)-ptperidinecartioxarriide. 93 mg of 2-naphthoyl cnioride and 63 
s mg of diisopropylettiylamine there were obtained, after chromatography on silica gel using 
dichloromethane/methanol (9:1) for the elution. 76 mg of N-terT.butyM-{2(R)-hydroxy-3(SH[N-(2-naohthoyi)- 
L-asparaginyqamino]-4-prienyibutyi]-2(S)-pioendinecarboxamide as a white solid; MS: m/e 516 [M ♦ Hj " . 

The i-{3(SH[L-asoaraginyl]aminoI-2(R)-hydroxy-4-ohenylbutyl]-N-tert.butyl-2(S>-pipendinecarOoxam.de 
used as the starting matenal was prepared by hydrogenating H3(S)-amino-2(R)-hydroxy-4-ohenyiburyi]-N- 
io tert.butyt-2(S)-piperidinecarooxamide. 



Example 64 



in a manner analogous to that described in Example 27. from 226 mg of 1 -{3(S)-{[L-asparaginyi]aminol- 
2(R)-hydroxy-4-phenylburyl>N-tert.butyl-2(S>-pipendinecarboxamide. 35 mg of of quinaldic acid. 56 mg of 
N-«thylmorpholine. 66 mg of hydroxybenzotnazole and 1 1 1 mg of dicyciohexylcarbodiimide there ware 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution. 100 mg of 
2a N-tert.buryl-l-{2(RVhydroxy-4-ohenylO(SH[ N -(2<tumolylcarbonyl)'L-asparaginylIaminoIbuty(^2(S)- 
piperidinecarboxamide as a white solid: MS: m/e 617 (M + h]\ 



Example 65 

23 

in a manner analogous to that described in Example 27. from 228 mg of N 2 -{3(SH[L-asparaginyif- 
amino]-2(R)-hydroxy-4-phenyibutyl]-N'-tert.butyl-L-prolinamide, 38 mg of 3-<soquinolinecarboxylic acid. 59 
mg of hydroxybenzotnazole. 59 mg of N-ethylmorphctine and 116 mg of dicyciohexylcarbodiimide ;here 
jo were obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution. 38 
mg of N 1 -tert.butyl-N 2 -{2(R)-hydroxy-3(SVC[N-<3-tsoquinolylcarbonyl)-L-asparaginyl]amino]-4-phenyibutyi!-L- 
proiinamide as a white solid: MS: m/e 603 [M + H]" 



js Example 66 



in a manner analogous to that described in Example 27. from 228 mg of N 2 -{3(S)-{[l--asparaginyil- 
aminol-2(R)-hyaroxy-4-pnenyibutyll-N'-tert.butyl-L-oi'Olinamide. 38 mg of 3-aumolinecarboxyiic acid. 59 Tig 
40 of hydroxyoenzotnazoie. 59 mg of N-ethylmorphoiine and 116 mg of dicyciohexylcarbodiimide mere *ere 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for. the elution. 36 mg :f 
N'-tert.0utyi-r^24R)^ydroxy-4^henyl-3(SH[ 
proitnarnid* as a white solid: MS: m/e 603 [M *H]\ 

Example 67 



in a manner analogous to that described in Example 27. from 295 mg of N 2 -{3(SH[L-asparaqinyi';- 
so amino ]-2(R)-hydroxy-4-phenylbutyl]-N , -tert.butyl-L-oroiinamide. 214 mg of 3-<benzyloxyformamiao>-2-^aon- 
thoic acid. 90 mg of hydroxyoenzotnazoie. 77 mg of N-«tnyimorpholine and 151 mg of dicycionexyicar- 
boaiimiae there were obtained, after chromatography on silica gel using System Q for the elution. 380 T>g 
of N 2 -{3(S)-E[N-{3^benzyloxyformamido)-2-napnthoytl-L-asparaginyl]amino]-2(fl)-hydroxy-4-phenyibuiyii-N • 
tert.butyl-L-proiinamide as a white solid from methanol: MS: m/e 751 [M + H]\ 



Examole 68 
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A solution of 216 mg of i-{3(S)-amino-2(R)-hydroxy-4.phanylbutyl]-N-tart.butYl-2.3-<aihydra-iH-maoi«-2- 
(H or S)-cartooxamid© (diastereomer A), 151 mg of N-(benzyloxycarbonyl)-L-asparagine. 76 mg of hydrox- 
yb^nzotriazole. 65 mg of N-ethylmorpholine and 123 mg of dicyciohexylcarbodiimide in 10 ml of 
tetranydroruran was stirred at 20 * C for 1 6 hours. The solvent was removed by evaporation and the residue 
s was cnromatographed on silica gel using dichloromethane/metharol (92:8) for the elution. There were 
obtained 70 mg of l-{3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyibutyi]-N- 
tert.butyl-2.3-dihydro-1H-indole-2(R or S)-carboxamide (diastereomer A) as a pale cream solid: MS: m,e 530 
[M * H] * . 

The i-{3(S)-amino-2{R>-hydroxy4-phenylbutyl]-N-tert.butyi-2.3-dihydro-iH-.ndoie-2(R or S)-carboxamide 
:o used as the starting matenal was prepared as follows: 

(i) A solution of 391 mg of N-tert.butyl-2.3-dihydro-1H-indole-2(R or S)-carboxamide and 654 mg of 3- 
(SHbenzyioxyformamidoH.2(S)-epoxy-4-phenyibutane in 5 ml of dimethyiformamide was heated to 140*C 
for 40 hours. The solvent was removed by evaporation and the residue was chromatography on silica gel 
using diethyl ether/n-hexane (2:1) for the elution. There were obtained 300 mg of i-{3(S)- 

'5 (benzvioxyformamido)-2(R)-hydroxy-4-phenylbutyll-N-tert.butyl-2.3-dihydro-i H-indole-2(R or S)-carboxamide 
(diastereomer A) as a pale yellow oil, m/e S 1 6 [M+H]*. and 290 mg of l-{3(SWbenzyloxyformamido)-2(R}- 
hydroxy- 4-phenylbutyll-N-tert.buty)-2.3-dihydro-i H-mdoie-2(R or S)-carboxamide (diastereomer S) as a 
pale yellow oil: MS: m/e 51 6 [M ♦ H]*. 

(ii) A solution of 300 mg of l-{3(SWbenryloxyformamido)-2(R)-hydroxy-4-phenylbutyll-N-tert.dutyl- 
20 2.3-dihydro-iH-indo)e-2(R or S)-carboxamide (diastereomer A) in 20 ml of ethanol was hydrogenated over 

10% palladium-on-carbon at 20* C and under atmospheric pressure for 16 hours. The catalyst was removed 
by filtration and the filtrate was evaporated to give 216 mg of i-{3(S)-amino-2(R)-hydroxy-4-phenyibutyt]-N- 
terT.butyl-2.3-dihydro-iH-indole-2(R or SVcarboxamide as a brownish oil. 

25 

Example 69 



30 in a manner analogous to that described m Sxample 68. from 223 mg of i-[3(S)-amino-2(R>-hycroxy-4- 
phenyiburyi]-N-tert.butyl-2.3-dthydro-i H-indoie-2(R or SKarboxamtde (diastereomer 8). i5l mg 3f N- 
(benzyioxycarbonyO-L-asparagine. 76 mg of hydroxybenzotnazole. 65 mg of N-ethylmoronpiine and :28 mg 
of aicyciohexyicarbodiimide there were obtained 2i0 mg of ^'^(SHIN^bsnzvioxycarbonyti-L-asoaraginyi!- 
amino]-2(R)-hydroxy-4-phenylbutyi]-N-tert.butyl-2.3-dihydro-IM-mcole-2(R or S)-carboxamiGe (diastereomer 

js 9) as a paie cream solid: MS: m,e 630 [M + H]\ 



Example 70 



A solution of 0.422 g of r^^fRi-hydroxy^-phenyl-SfSHtN^S-cuinolylcarbonylhL-asoaraginytiaminoi- 
butyi}-N'-teft.butyl-L-prolinamide and 142 mg of 3-cnloroperbenzoic acid m 10 ml of dicnioromemane «as 
stirred at 20* C for 1 hour. The solvent was then removed by evaporation and the residue was cnrcmatcg- 
rapned on silica gel using dichioromethane/methanoi (9:1) for the etution to give 289 mg of N'-ren.outyt-v*- 
*s [2(RH»ydrox^-4-phenyl-3(SH[ N -<2^uinolyicarbonyl)-L-asoaraginyt]ammo]butyi)-L-pro N 2 -oxice as a 

whrt» solid: MS: m/e 819 (M ♦H]". 



Example 71 

50 

A solution of 0.123 mg of N'-tert.butyl-N 2 -{2(R)-hydroxy-4-phenyi-3<SH[N-(2-dUinoiyicaroon v n-l.- 
asoaraginyi]amino]butyl]-L-prolinamide N 2 -oxide and 35 mg of 3-chlorooerbenzoic acid m 5 mi of ncn- 
loromethane was stirred at 25 ' C for 24 hours. A further 70 mg of 3-chloroperbenzpic acid was aoceo and 
55 the mixture was stirred at 20 *C for 48 hours. The solution was washed with aqueous sodium caroonate 
solution and sooium cnlonde solution and the solvent was then removed by evaporation. The resicue *as 
cnromatograohed on silica gel using System J for the elution to give 70 mg of N'-tert.Suryi-N^-^: 0 .)- 
nydroxy-3(S)-{[N-(1-oxido-2-ouinolylcaroonyn-L-asparaginyl]amino]-4-phenylbutyt]-L-prolinamiae N*--:.^ce as 
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an off-white solid from ethyl acetate: MS: m/e 635 [M ♦ H]* 
Example 72 

A solution of 98 mg of 3-{3(S)-amino-2{R)-tiydroxy-4-pheny)buty!]-N-tert.butyl-4{R)-thia20lidinecarb- 
oxamide dihydrobromide in 0.5 ml of dry dimetnylformamide was stirred and cooled to -10 C in an ice/ salt 
batn while there were added 44 mg of N-ethylmorpholine followed by 76 mg of N-(benzyloxycarbonyi)-i_- 
asparagine succinimide ester. The mixture was allowed to warm to room temperature and was then stirrea 
overnight. Dimethylformamide was removed by evaporation under reduced pressure and the residue was 
dissolved in chloroform. The solution was washed w.th water, then dried over sodium sulphate and 
evaporated. The residual gum was punfied by flash chromatography on silica gel using 4% methanol m 
dichloromethane for the elution. There were obtained 68 mg of 3-{3(S)-{[N-benzyioxycarbonyi'(-L- 
asoaraginyllamino]-2(R)-hydroxy~4-phenylbutylhN-tert.butyi-4<R)-mia20lidinecarboxamide as a colourless 
foam. Analytically pure product was obtained by recrystallization from ethyl acetate: MS: m/e 600 [M + H] 

Tr, e 3^3(S)-amino-2(R)-hydroxy-4-phenylbutyll-N-tert.butyi-4<R)-thia20lidinecarboxamide 
dihydrobromide used as the starting matenai was prepared as follows: 

(i) A solution of 2.67 g of N-benzyioxycarbonyl-4<R)-thia20lidinecarboxylic acid in 42 ml of dry 
tetrahydrofuran was stirred and cooled to -15' C in an ice/salt bath while there were added 1.15 g of N- 
ethylmorpholine followed after 2 minutes by 1.37 g of isobutyl chloroformate. After a further 3 minutes 0.73 
g of ten. butyiamine was added dropwise and the mixture was then allowed to warm to room temperature 
and was stirred overnight. Tetrahydrofuran was removed by evaporation under reduced pressure and the 
residue was dissolved in dichloromethane. The solution was washed in sequence with water. 10% citric acid 
solution water, saturated sodium bicarbonate solution and water, then dried over anhydrous sodium 
suipnate. filtered and evaporated to give 2.85 g of 3-<benzyloxycarbonyl)-N-tert.butyi-4<RVih.a2oiidinecar- 
boxamide as a solid which melted at 96-98' C after recrystallization from diethyl ether/n-hexane. 

(ii) A mixture of 3.2 g of 3-(benzyloxycarbonyl)-N-tert.butyl-4<R>-thiazolidinecarooxam.de and 10 mi of 
32% (w/w) hydrogen bromide in glacial acetic acid was stirred at room temperature for 2 hours. The 
resulting solution was poured into diethyl ether and the precipitated hydrobromide salt of the product «as 
filtered off. wasned w.th diethyl ether and then dissolved m water. The solution was made alkaline by the 
addition of 1M sodium hydroxide solution and extracted twice with dichloromerhane. The comomec 
aicnloromethane extracts were washed with water, dned over anhydrous sodium sulphate, filtered ana 
evaporated to give 1.57 g of N-tert.butyl-4(R)-thiazoiidinecarboxam.de as a crystalline solid of melting point 
68-71 ' C. 

(iii) A solution of 3.2 g of N-tert.butyi-4<R)-rhiazolidinecarboxamide and 5.0 g of 3<S>- 
(benzyloxyfarmamidoH.2(SH}poxy-4-pheny Ibutane .n 130 ml of isopropanol was stirred under argcn anc 
heated at 90 'C under reflux for 3 days. The solution was evaoorated under reduced pressure and :r.e 
residue was punfied by flash chromatography on silica gel using diethyl ethyLn-nexane (2:i) for me elution. 

i There were obtained 3.47 g of 3-{3(SWbenzytoxyformam.do>-2(R)-hydroxy-4.phenylbutyil-N-tert.butyi"i(R)- 
thiazolidinecarboxamide. Recrystallization from ethyl acetate gave analytically pure matenai of meiting point 
62-65* C. 

(jv) A mature of 2 g of 3-{3<SHbenzyioxyformamtdo)-2(R)-hydroxy-4-phenylbutyl]-N-ten:.butyi-^i=iv 
miazoWinecartjoxamide and 4.1 ml of 32% (w/w) hydrogen brom.de in glacial acetic acid was stirred at 
s room temperature for 1 hour. The resulting solution was diluted w.th anhydrous diethyl ether and :ne 
precipitated product was rapidly filtered oft and washed with fresn diethyl ether. There were obtained 2.0 1 g 
of 3-{3(SVamino-2fRr^Ydroxy-4-ohenyibutyl]-N-tert.butyi-4<R)-thiazoiidinecart30xam.de dihydrobrom.ee as a 
white solid: H NMR (300 MHz): i (D,0) 1.37 <9H. s), 3.0 (2H. m,. 3.09 (2H. dq). 3.29 (2H. d). 3.85 <2H. m,. 
4.16 (iH. m). 4.3 (2H. q) and 7.42 (5H, m) ppm. 



m a manner analogous to that described m Example 21. from 110 mg of 3-(3(SH[L-asoarag.nyi!am,no 
2{Rt-hydroxy-4. 0 henylbutyi]-N-tert.buty|.4<RHh.azol.d.necarooxam.de. 46 mg of 2-naohthoyi chtor.ee arc 3i 
mg of diisopropyiethyiamme there were obtained, after flash chromatography on silica gel using 
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methanol in dichloromethane for the elution. 83 mg of N-tert.butyl-3-{2{R)-hydroxy-3<SH[N-(2-naohthoyi)-L- 
asparaQiny)lamino}-4-phenyibutyl]-4<RHriiazoiiclinecarboxarnide: MS: m/e 620 [M * H]*. 

The 3-{3(SH[L-asparaginyl]amino]-2(R}-riydroxy^phenylbutyl]-N-tert.butyt-4<R).thiazoiidineca- 
rboxamide used as tfte starring material was prepared as follows: 

A mixture of 170 mg of 3-[3(SH[N-(benzyloxycarbonylK-asparaginylIamino]-2(R)-nyaroxy-4- 
phenylbutylhN-tert.butyl-4<R)-tniazolidinecarboxamide and 0.3 ml of 32% (w>w) hydrogen bromide m glacial 
acetic acid was stirred at room temperature for 1 hour. The solution was diluted with diethyl ether ana the 
precioitated solid was rapidly filtered off. washed with diethyl ether and dissolved in water. The solution *as 
made alkaline by rhe addition of potassium carbonate and extracted with three portions of chloroform. The 
combined chloroform extracts were dried over anhydrous sodium sulphate, filtered and evaporated to give 
110 mg of 3-{3{SH[L-asparaginyl]aminol-2(R)-hydroxy-4-phenylbutyll-N-tert.butyl-4(R)-mia20lidinecaroox- 
amide; MS; m/e 466 [M + H]\ 



A solution of 330 mg of N 2 -{3(SH[N-<benryloxycarbonyl)-L-asparaginyl]amino]~4-(4-tert.butoxyphenyi)-2- 
(RVhydroxybutyll-N'-tert.butyl-l-prolinamide m 30 ml of ethanol was hydrogenated over 50 mg of 10% 
palladium-on-carbon catalyst for 3 hours. The catalyst was removed by filtration and the filtrate was 
evaporated- The residue was dissolved in dichloromethane and treated with 72 mg of diisopropyiethyiamine 
and 106 mg of 2-naphthoyl chloride in a manner analogous to that described in Example 21 to give 165 mg 
of NH*-{*-tert.butoxyphenyt)-2(R)-hydroxy-3(S)-[[N-<2-naphthoyl)-t.-asparaginyl]amino]buryl]-N , -ten.buryi-L- 
prolinamide as an off-white solid. 



A solution of 90 mg of N a -{4-(-t-tert.butoxyphenyn-2(R»-hydroxy-3<SH[N-(2-naphthoyi)-L-3Scaracinyi]- 
amino]butyij-N 1 -tert.butyl-l.-prolinamide m 40 ml of 3.5M hydrogen chloride in ethyl acetate "as stirreo at 
room temperature for 30 minutes. The solvent was removed by evaporation and the residue was mturatea 
*ith diethyl ether and filtered to give 80 mg of N J -{2(RVhydroxy-4H4-hydroxyphenyl)-3(SW[N-<2-oacr.trcY'!- 
L-asparaginyilaminojbutyll-N'-tert.butyl-L-proiinamide hydrochloride as a white solid of melting point 
174*C. 



A solution of 59 mg of 2-{3(S)-amino-2(R)-hydroxy-4.phenylbutyl]-N-tert.butyl-t.2.3.4-tetranycrccvr'Cc- 
[3.4-b pndol«-i-carooxamide (isomer A) and 71 mg of N-<benryioxycarbonyl)-l_-asparagine succ:nm,ce -aster 
m 3 ml of dry tetrahydroruran *as stirred at room temoerature for 18 hours and then evaoaratec. "-a 
» was dissolved in of dichloromethane and the solution was washed twice with water ana x.c9 «nn 
I aqueous sodium bicarbonate solution. The solvent was removed by evaporation unaer -ecucaa 
pressure to give 103 mg of cr f ude product. 32 mg of this product were punfied by reverse snase -ign 
pressure iiouid chromatography using 55 a '« 0.05M ammonium formate in acetonitrile for -he eiuticn ~-ere 
were obtained 9.9 mg of 2-{3(S)-{[N-<ben2yioxycarbonyl)-L-asparaginyl]aminol-2(R)-hydroxy-4-oneny Curv!- 
N-tert.buryl-i.2.3.4-tetrahydropyrido(3.4-blindoie-i(R or S)-carboxamide (isomer A) as a coiour ess vis. 
m.e 683 (M*H]\ 

2-C3<SH[ N -<8en2Yloxycarbonyl)-L-a3paraginyl]aminol-2(R)-hydroxy-4-phenylbutYl]-N-tert.Cutvi-i 2 3 -i- 
tetrahydropyndo(3.4-blindole-i-carboxamide (isomer B) was preoared from 2-(3(S>-amino-2!Ri-n v crcxv-4- 
phenylbutyi-N-ten.butyl-i.2.3.4-tetrahydrooyrido[3.4-b|indoie-i(R or SV-carboxamide (isomer 9i n a -ar-rar 
analogous to isomer A above and was purified m the same manner to give a colourless oil. MS - e 533 
{M*Hf 

The 2-{3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-t8rt.butyl-l.2.3.4-tetrahydropyndo(3.4-o;ircc a- :ar- 
boxamides used as the starting materials were prepared as follows: 
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(i) To a solution, cooled in ice. of 3.0 g of i.2.3.4-tetrahydrooyndo{3.4-blindoie-i-carboxyiic acid in 7 
ml of 2M sodium hydroxide solution, 17 ml of water and 17 ml of dioxan were added in alternating portions 
12.5 ml of 2M sodium hydroxide solution and a solution of 3.6 ml of benzyl cnloroformate m 9 ml of dioxan. 
After completion of the additions trie mixture was stirred at room temperature overnight and the dioxan was 

s then removed by evaporation under reduced pressure. The solution obtained was diluted with water, 
washed twice with diethyl ether, acidified with 25 ml of 1M sulphunc acid and extracted three times with 
ethyl acetate. The organic extracts were combined, washed twice with water, dried over annyarous 
magnesium sulphate and evaporated to give 4.54 g of 2-benzyloxycarbonyM .2.3.4-tetranydrooyndo(3.4-o|- 
indoie-i-carboxyiic acid. MS: m/e 351 [M*H]\ whicn was used without purification. 

'0 (ii) A solution of 4.54 g of 2-benzyloxycarbonyM ,2.3,4-tetrahydropyrido(3.4-biindole-i -carboxyiic acid 

m 45 ml of anhydrous tetrahydrofuran was cooled, while protecting with a drying tube, in an ice^acetone 
bath. 1.82 ml of N-ethylmorpholine and 1.82 ml of isobutyt cnloroformate were added, the mixture was 
stirred for 10 minutes and then 2.1 ml of tert.butylamine were added. The mixture was then stirred at 0* C 
for 40 minutes and at room temperature for 45 minutes, diluted with ethyl acetate and washed twice with 

'5 water, twice with 0.5M sodium hydroxide solution and again with water. The solution was dried over 
magnesium sulphate and evaporated to dryness. Recrystailization from ethyl acetate and n-nexane gave 
i 21 g of tert.butyl 2-benzyloxycarbonyM .2.3.4-tetrahydropyrido(3.4-blindole-i-carboxamide: MS: m/e 406 
[M + H]". A further 0.76 g of identical matenai was obtained by subjecting the mother liquors to chromatog- 
raphy on silica gel using ethyl acetate/n-hexane (1:1) for the elurjon. 

20 (iii) 1.62 g of tert.butyl 2-benzykDxycaroonyl-i.2.3.4-tetrahydropyrido(3.4-blindole-i-:arboxamide were 
dissolved in 10 ml of a 45% solution of hydrogen bromide in. acetic acid. After 30 minutes the solution was 
evaporated and the residue was taken up m water. After filtration the filtrate was washed three times with 
diethyl ether and then neutralized by the addition of saturated aqueous sodium bicarbonate solution. The 
product was extracted from the now turbid aqueous layer with ethyl acetate. The combined organic extracts 

21 were dried over anhydrous magnesium sulphate and evaporated to give 0.34 g of tert.butyl 1 .2.3.4- 
tetrahydropyndo(3.4-b]indole-i-carboxamide as a white crystalline solid of melting point 144* C. 

(iv) A solution of 0.60 g of tert.butyl i .2.3.4-tetranydropyndo(3.4-b]indole-i -carboxamide and 0.66 g of 
3<SWbenzyloxyformamido>-i.2(S}~epoxy-4-phenylbutane in 20 ml of methanol was heated at reflux uncer 
argon for 1 6 hours and then evaporated to give a clear oil. The two diastereomeric products were seoarated 

jo by flash chromatography on silica gel using n-hexane/ethyl acetate (3:1) for the eiution. There wer9 
obtained 268 mg of isomer A of 2-(3(SHbenzyloxyformamido)-2(R)-hydroxy-4-ohenylburyi]-N-tert.bur/l- 
i.2.3.4-tetrahydropyndo(3.4-b|indoie-Karboxamide. MS: me 569 [M * H] * . and 65 mg of isomer 3 of the 
same compound: MS: m/e 569 [M * H] ' . 

(v) A solution of 150 mg of 2-{3(SHbenzyloxyformamido)-2(R)-hydroxy-4-ohenylbutyl]-N-tert.outyi- 
js i 2. 3. 4-tetrahydropyndo(3.4-bIindoie-i -carboxamide (isomer A) m 5 mi of ethanol was hydrogenated jncser a 

pressure of 3.4 atmospheres over 10% paliadium-on-cnarcoal at 20 "C for 16 hours. The catalyst was 
removed by filtration and the filtrate was evaporated to give 120 mg of 2-{3(S>-amino-2(R)-hyaroxy-J- 
pnenyiburyl]-N-tert.butyl-t.2.3.4-tetrahydropyrido(3.4-blindoie-Karooxamide (isomer A): MS: m.e 435 
(M*H]\ 

2-{3(SVAmino-2(RHiydroxy-4-phenyibutyl]-N-tert.butyi-i 2.3.4-tetranydropyndo(3,4-b]indole-i ■ 
carboxamide (isomer 8). MS; rrve 435 [M*h]\ was preoared m an analogous manner from 2-{3<S>- 
(benrytoxyform»nKioH2<R)^ydroxy-4-phenyibu 
carboxamide (isomer 8). 

*s 

Example 77 



so m a manner analogous to that descnbed m Example 70. from 154 mg of N-tert.buryl-i-(2(R)-hydrcxy-3- 
(S)-f[N-(2-quinolylca/oonyl)-L-asparaginyi]amino-4-phenyiburyi]-2(S)-pioeridinecarooxamide and 51 mg of 3- 
cnioroper benzoic acid there were obtained 114 mg of N-tert.buryM-{2(R)-hydroxy-4-ohenyi-3(SW[N-<2- 
qumo)yicaroonyi)-L-asparaginyi)aminolbutyl]-2-pioeridinecarboxamide 1 -oxide as a white solid: MS. m.e 533 
[M f H] " . 

55 
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in a manner analogous to that described in Example 27. from 230 mg of H3<SWrL-asoarac.nvib.m.n,,i 
acid. 113 mg of dicyclohexylcarbodiimide. 68 mg of hydroxybenzotnazole and 58 mg of N-ethyimomnni,™ 
r^^^ I* - ?* 3tt9f chromato ^aP^ on s.iica ge, usmg System G for me .Jn 2« CS f 
[r^3HD6n2Vtoxy.2-naphtnoyO-L-asoaraginylIam,nol-2(R)-4-pr.enylbutyl]-N-ten.butyl-2(S)- " 
piperidmecartooxamide as a foam; MS; m,e 722 [M * h] *. 



A solution of 181 mg of H3(S)-[[N.(3-ttenzvtoxv.2^aphthoyO-L.asparagioyl]am,nol-2 ( R).r 1 y a roxy.4. 
phenylbutyi]-N- t ert.buty.-2(S)-p,pendinecarboxam,de in 5 m, of ethanol was hydrogen.™ over c° 
pallad-um^n-carbon at 20 C and under atmosphenc pressure for 16 hours. The catalyst was remove* =y 
i filtration and the filtrate was evaporated. After trituration w.th diethyl ether there were obtained no mg of n- 

tert.buty|.i-{3(SH[N-{3-hydroxy-2-napnthoyl)-L-asparaginyllaminoJ-2(R)-hydroxy-4.pheny)butyl]-2'S)- 
pipendmecarboxamide as a pale yellow solid: MS: m/e 632 (M * H] ". 

1 Example 80 

in a manner analogous to that described in Example 27. from 400 mg of as- 1 -[3<S)-am.no-2(R>- 
hyaroxy-4-phenyl butyll-N-te*.buty.-decahydro-2(R or SK,u.nolinecarboxamide. 266 mg of N- 
(benzyloxycarbonylJ-L-asparagine. 226 mg of dicyclohexylcarbodiim.de. 135 mg of hydroxybenzotriazo.e 
and 115 mg of N-ethyimorphoiine there were obtained, after chromatography on silica gel us.nq 
a.ch.oromethane.methanol (94:6) for the elution. 22S mg of as-1 -{3<SHtN-<benzy.oxycarbonyi).i 
asparag.n y .lam,nol-2(R)-hydroxy-4-pneny«butyll-N.tert.but V l-decahydro-2(R or S)-cu.nolinecar0oxam.de as a 
*hite solid: MS: m/e 650 [M * HJ . 

The cis-l-{3(Sj-amino-2(R).hydroxy-4-ohenyibutyl]-N-tert.butyl-o-ecahydro-2(R or SWauinonnecar-cx- 
amide used as the starting matenal was prepared as follows: 

(i) A solution of 2.376 g of 3<SHbenzyloxyformam.doH .2(S)-eooxy-4-phenylbutane ana i ao* - *t 
C!S-N-terT.butyl-decahydro-2(R.S)-quinoiinecarboxamide in 32 ml of ethanol was stirred at 30 * r .„/ 2 4 
nours. A further 0.474 g 0 f 3<SHbenzyioxyformam.doH .2<S)-epoxy-4-phenylbutane -as acaeo n -wo 
somons and the m.xture was stirred at 30* C for a further 5 hours. The solvent was removea 0y evaporation 
and the residue was chromatograpned on silica gel using dichloromethane/methanoi (97 5 2 5', < or - e 
elution to give 1.17 g of cis-1 -{3<SWbenzyloxyformam.do>-2(Rl-hydroxy-4-ohenyibutyi]-N-. e rT -utv.- 
aecahydro-2(R or S)-quinolinecarboxam.de (isomer A) as a white solid from diethyl ether, n-nexane MS - e 
536 [M •*• H] and 1.146 g of cis-i-[3(S)-benzyloxyformamidoh2(R)-hydroxy-4. 0 neny.buryil-.N-rerT - L ~ 
=ecanydro-2(R or SHqumolinecarboxamide (isomer 3) as a paJe yellow gum: MS: m/e 536 [M - -if 

(.1) A solution of 0.535 g of c 1 3-i-{3(S)-(benzyloxyformamidoh2(R)-hydroxy-4-pnen y iburyi!-N- r9fT - V ., VI . 
aecafiydro-2(R or SKuinolinecarboxam.de (isomer 3) in 25 ml of ethanol was nyorogenatea :v 9 r 
palUjcSurn-on-carbon at 20 C and under atmosphenc pressure for 16 hours. The catalyst was .-emcee -y 
filtration and the filtrate was evaporated to give 400 mg of as-H3<S)-arnmo-2(R).hydroxy-4-onery.bc;7.;-N- 
tertbutyl-d«cahydro-2(R or S)-guinoiinecarooxamide as a colourless gum. 



A solution of 561 mg of trans-2-f3(S)-amino-2(R>.hydroxy-4.phenylbutyi]-N-tert .bury.-cecarvcs- 
(4aR.8aS)-iSoquinoline-3(S)-carboxamide and 372 mg of N-(benzyloxycaroonyl)-(.-asparagine ,n 20 m. :r -r, 
ratrahyorofuran was cooled m an ice/sait mixture. 189 mg of hydroxybenzotnazole. 161 -r n- 
athyimorpnoline and 317 mg of dicyc!ohexyicaroodiim.de were added and the mixture was stirrec- 'cr 5 
hours. The mixture was than diluted w.th ethyl acetate and filtered. The filtrate was wasned *.m ac^ecus 
sodium b.carbonate solution and sodium chloride solution. The solvent was removed by evaccra:;cr ire -e 
residue was chromatograohed on silica gei using dichloromethane/methanoi (9:1) for the eiution -c 
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^-^^ « a wmte solid from metLol/dieC ether: 

The ^-2^<SVamino-2(R)-hyd^ 
carboxam.de used as trie starting material was prepared as follows: 

549 mg of afSWbenzyioxyformam.doM .2<S)-*poxy-4-pnenyibutane .n 6 ml of ethanol was snrreo * 60' - 
• or 7 hours. A further 54 mg of 3(SHbenzy.oxyformam,doH ^SW.poxy^pheny. butane were added ana 
.he solution was stirred at 20 C for ,6 hours. The solvent was removed by evaporation and the res.due -as 
chromatographed on silica gel using system H for the elution to give 771 mg of tran S -2-[3(S)- 

(ben2 V loxyformamido)-2(R)-hydroxy-4-phenylbotyl-N-ten.butyl<lecanydro-(4aR,8aSHsoqu.noline-3(S^ 
carooxamide as a wnite solid: MS: m/e S36 (M ♦ H] ". 

(ii) A solution of 747 mg of trans-2-{3(SHbenzyloxyformamido).2(R)-hydroxy-4.pn9nylbuty.-N- 
tert.butyi-decahydro-(4aR.aaSHsoquinotine-3(S)-carooxam<de ,n 40 ml of ethanol was hydrogenateo ever 
10% palladtum-on-carbon at 20 'C and under atmospheric pressure for 5 hours. The catalyst was removed 
by f.ltraton and the filtrate was evaporated to give 561 mg of trans-2-{3(S)-amino 2(R)-hydroxy-4- 
phenyiburyll-N-tertbutyl-decahydro (4afl.8aSHsoqumoiine-3(S)-carboxamide as a buff coloured solid 



?,Jl * manner ana,oaous W tna » described .n Example 27. from 276 mg of 1 -(3(SH[L-asparag.nyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] N-tert.butyl-2(S)-p.per,dinecarboxam.de. 167 mg of 1 -benzyloxy-2-naphtho.c 
acid. 81 mg of hydroxy benzotnazole. 69 mg of N-ethylmorpholine and 136 mg of dicyclohexyicarboaiim.ee 
there were obtained, after chromatography on silica gel using dichloromethane/methanol O n for ne 
elution. 97 mg of l-C3(S)-{[N-(i-benzyloxy-2-naphthoyl)-U-asparaginyl]amino|-2(R)-hydroxy-4.phenyiburyii-N- 
:ert.butyi-2(S)-otperidinecarooxamide as a wmte solid from methanol/diethyl ether; MS: m/e 722 [M + h|* 



fn a manner analogous to that described in Example 79. from 119 mg of 1 -{3/S)-{[N-n -benzyioxy-2- 
naonthoy!)-L-asparag.nyi]amino]-2(R)-hydroxy-4-pnenyibutyil-N-tert.buryt-2(S)-p.peridinecarboxamice there 
•vere obtained, after enromatography on activated magnesium silicate using dichloromethane/methanoi i9~i~ 
.'or the eluaon. 67 mg of N-tert.butyl-i-{2<R)-hydroxy-3(SH[N-n -hydroxy-2-naohthoyiH.-asparag.n y i]am l noi- 
4-pnenyiburyiJ-2(SH3ipendinecarboxamide as a wmte solid: MS. m/e 631 [M + H]\ 



in a manner analogous to that described in Example 27. from 278 mg of 1 ^(SHfL-asparaginyilammo:- 
2(R)-hydroxy-4-phenylbutYlhN-tert.butyl-2(SH3ipendinecarboxamide. 183 mg of 3-<benzyloxycaroonyn-2- 
naphthoic acid. 81 mg of hydroxybenzotnazote. i38 mg of N-ethylmorpholine and 136 mg of dicycionexy- 
caroodnmide there were obtained, after chromatography on s.lica gei using System J for the elution. 98 
of N-tert.butyl ' -{3<S)-{1 (SM2.3-dihydro-l 3-dioxo-i H.benz(f]isoindol-2-yl)-3-carbamoylpropronamidoj-2<Rl- 
nyaroxy-4- p nenyibutyl]-2(S)-pipendinecarboxamide: MS. me 542 [M + HJ*. 



A solution of 650 mg of N2-{3(S>-amino-2(R)-hydroxy-4.pnenyibutyl]-N'-tert.butyl-L-prolinamide ana 538 
mg of N-09n2yioxycaroonyD.S-methyl-L-cyste.ne .n 20 ml of dry tetrahydrofuran was cooled m an .ce sait 
mixture. 270 mg of hydroxyoenzotnazole. 230 mg of N-ethyimorpholine and 412 mg of dicycione.xycar - 
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bodiimide were added and the m.xture was stirred for 16 hours. The mixture was diluted w.th ethyl ace'ate 
and fitted. The filtrate was wasned with aqueous sodium bicarbonate solution and sodium - lo , ce 
solution. The solvent was removed by evaporation and the residue was chromatographed on silica cei'usina 
System G for trie elution to give 800 mg of N2.f3(S)-(N-(ben 2 yloxycarbonyl)-S-metriyl-L-cysteinynammci-2 
(fl>-riydroxY-4-phenylbutyll-N'-tert.buryi-L-proiinamide: MS: m/e 585 (M + H]\ 

The N»-{3(S)-amino.2(R)-hydroxy.4.phenylbutyt]-N'-tert.butyl-L-prolinamide used as the starting matenal 
was prepared .n an analogous manner to the starting matenal of Example 33. but using N'-tert.outyi-L- 
proiinamide in paragraph (iii) in place of N'-phenyl-l_-prolinamide. 



A solution of 193 mg of N»-(3(SH[N-(ben2yloxycar6onyl)-S-fnethyl-L-cyst»nyllaminol-2fR)-riydroxy-4. 

'5 phenylbutyll-N'-tert.butyl-L-prolinamide in 2 ml of methanol was cooled to -70* C. A solution of 62 mg of 3- 
chioroperbenzoic acid in 5 ml of methanol was added and the mixture was stirred at -70 ' C for 30 minutes 
The solvent was then removed by evaporation and the residue was chromatographed on silica gel using 
System G for the elution to give 62 mg of NM3fS)-{[N-<benzvloxycarbonyl)-3-(metfiylsulphinyi)-L-alanyi]- 
amino|-2(R)-nydroxy-4-pnenyibutyl]-N , -tert.butyl-L-prolinamide as a 1:1 mixture of diastereomers- MS m e 

20 601 {M*H]\ 



A solution of 450 mg of Ni-(3(S)-([N-<benzyloxycarbonyl)-S-methyl-L-cysteinyllamino|-2(R)-hydroxy-4- 
phenyibufyl]-N'-tert.butyl-L-prolinamide m 4 ml of methanol was cooled to -70'C. 166 mg of 3-chiorooer- 
benzcic acid were added portionwise over a penod of 10 minutes, the solution was stirred at -70' C 'cr s 
minutes and then allowed to warm to 20 'C. The solution was again cooled to -70 ' C. a further 33 mg z: 3- 
cniorooeroenzoic acid were. added and the mixture was stirred at -70 "c for 30 minutes. The sotvenr~*as 
removed by evaporation and :he residue was partitioned between dichloromethane and 2N sooum 
nyaroxioe solution. The organic phase was evaoorated and the residue was chromatograpnec on siiica -ei 
using System G for the elution to give i00 mg of N2-{3(SH[N-{benzyloxycarbonyl)-3-{methyisuloninyi)-L- 
3ianyi]amino]-2(R)-hydroxy-4-pnenyibutyll-N'-(ert.buryl-L-proiinamide N 2 -oxide (diastereomer A). ,V1S. n"a 
617 (M*H1, and 154 mg of N 2 -(3(S)-{[N-<benzyloxycaroonyl)-3-(methylsulphinyl)-L-alanyi]aminoj-2;P.)- 
nyaroxy-t-phenyibutyll-N'-tert.butyl-L-proiinamiae N J -oxide (diastereomer 8); MS: m/e 617 [M-hj' 



Example 38 

iQ 

A solution of 154 mg of N i -{3<SKtN-(benzyloxycarbonyl)-3-(methylsulphinyl)-L-aianyilaminoi-2:='^ 
hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-proiinamice N 2 -oxide (two diastereomers) m 5 ml of methanol ~as 
treated with 84 mg of 3-chioroperbenzoic acid and the solution was stirred at 20 'C for 16 nours. ~>e 
*s solvent was removed by evaporation and the residue was partitioned between dichlorometnane ana 2M 
sodium hydroxide solution. The organic pnase was evaporated and the residue was crystallized 'rem etpyi 
acetate/n-hexane to give 28 mg of NHSlSHtN-ibenzyloxycarbonyl^methyisuiohonyD-L-aianyilammol-a- 
iRVhydroxy-4-phenylbutyi]-N'-tert.butyi-L-proiinamide N 2 -oxide monohydrate; MS: m/e 633 (M + H] " 

50 

Example 89 



in a manner analogous to that described m Example 27. from 400 mg of cis-i-(3(Si-amiro-2'.R>- 
55 hydroxy-4-phenyiburyl]-N-tert.butyl-aecanydro-2(R or S)-quinolinecarboxamide. 266 mg n n- 
(benzyloxycarbonyl)-L-asparagine. 228 mg of aicyclohexylcardodiimide. 135 mg of hydroxycenzotrazcie 
and 115 mg of N-ethylmorpnoline there were obtained, after chromatography on siiica ;ei .s;r-g 
aicntoromethane/methanoi (94:6) for tne elution. 225 mg of cis-l -[3(S)-{[N-(benzyioxycarccrv 
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aspa/aqinyl]amino)-2(R>-Hyclroxy-4-phenylbutvl]-N.tert.buryl-<39cahydro-2(R or S)-quinoiinecarboxamide as a 
white solid; MS: m/e 650 (M ♦ H] *. 

The cis-H3(S>-amino-2(RHiydroxy-4-ohenylbutyl]-N-tert.butyl-decahydro-2(R) or S)-qumoiinecarbox- 
amide used as the starting material was prepared as follows: 

s (i) A solution of 2.376 g of 3(SWbenzyloxyformamido)-i 2(S)-epoxy-4-phenyibutane and 1.904 g of 

as-N-tert.butyl-decahydro-2(R.S)^uinoiinecarboxamide m 32 ml of ethanol was stirred at 30 'C 'or 24 
hours. A further 0.474 g of 3(S)-(benzyioxyformamidoH 2(S1-epoxy-4-pnenyibutane was added m two 
portions and the mixture was stirred at 80 ' C for a further 5 hours. The solvent was removed by evaooration 
and the residue was chromatographed on silica gel using dichloromethane/methanoi (97 5:2.5) for the 

••0 eiution to give 1.17 g of cis-l-{3(SHben2yloxyformamido)-2(R)-hydroxy-4-onenyibutyi]-N-tert.Duryi- 
decahydro-2(R or S)-quinolinecarboxamide (isomer A) as a wmte solid from diethyl ether/n-hexane. MS. m.e 
536 [M*H] and 1.146 g of cis-i-{3(SHbenzytoxyformamido)-2(R)-hydroxy-4-pnenyibutyij-N-tert.Cutyi- 
decahydro-2(R or SVquinolinecarboxamide (isomer B) as a pale yellow gum: MS: m/e 536 (M + HJ*. 

(ii) A solution of 0 S35 g of as-i-{3(SHbenzy(oxyformamido)-2(R)-hydroxy-4-phenyibutyil-N-tert.buryi- 

'5 decahydro-2(R or S)-quinolinecarboxamide (isomer 8) in 25 ml of ethanol was hydrogenateo over 10% 
pailadium-on-carbon at 20 *C and under atmospheric pressure for 16 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to give 400 mg of cis-1 -(3<S)-amino-2(R)-hydroxy-4- 0 nenylbutyl]-N- 
tert.butyl-decanydro-2(R or S)-quinolinecarboxamioe as a colourless gum. 
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25 in a manner analogous to that descnbed in Examole 27. from 27 mg of N-(3(SH[L-asparaginyl]ammol- 
2(RVhydroxy-4-phenyibutyi]-L-proiine tert.butyl ester and 11.3 mg of 2-indolecarboxyiic acid there were 
obtained 15 mg of M-{3(SH[N-(2-indolyicarbonyi)-L-asparaginyi]ammo]-2(R)-hydroxy-4.pnenyiburyi]-u-oro- 
line tert.butyl ester; MS: m/e 592 [M + H]\ 
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In a manner analogous to that descnbed m Example 72. from 240 mg of 3-{3(S)-ammo-2!R)-nycrcxy-i- 
:s phenyibutyil-N-tert.butyi-tetrahydro-2H-i ,3-thiazine-4<R and S)-carooxamide and 234 mg of N- 
(benzyioxycarbonyi)-L-asoaragine succinimide ester there were obtained 1 62 mg of 3-(3(S)-{[.n- 
(benzyloxycarbonyi)-L-asparaginyl]amino|-2(R)-hydroxy-4-onenyibutylI-N-tert.butyi-tetranyaro-2H-i.3- 
thiazme-4<R and S)-carboxamide as a mixture of two diastereomers. Flash chromatography on smca ;si 
using 3% methanpl in dichloromethane for the eiution gave 20 mg of the less oolar ciastereomer scrrer 
*o A). MS: m/e 814 [M * M] , and using 5% methanol m aicmoromethane gave 32 mg of the more ;ciar 
diastereomer (isomer 8); MS: m/e 614 (M + H]*. 

The 3^3(S)-afnino-2(RHiydroxy-4-phenylbutyl]-N-tert.butyl-tetrahydro-2H-l.3-thiaz]ne-4<R and 5i-:ar- 
boxamtde used as the starting matenai was prepared from the known tetrahydro-2H-i.3-thiazine-4<R anc Si- 
carboxylic acid by N-oenzyloxycarbonytaoon m a known manner, subsequent reaction m a manner 
43 analogous to that descnbed in Example 72 0Hiv> and bastfication of the dihydrobromide obtained wiin 
sodium bicarbonate solution. 



Example 92 

50 

0.122 g of N-(benzyloxycarbonyl)-3-cyano-L-aJanine was dissolved in 2 ml of dry dimethytormar^ce 
The solution was stirred and cooled in an ice/sait bath and treated with 0.066 g of hyoroxyoenzotnazcia arc 
0.1 g of dicyclohexytcaroooiimide. The mixture was stirred for 5 minutes and then treated with 0 : 53 ; :• 
55 N 2 -{3(S)-amino-2(R)-hydroxy-4-pnenylbutyl]-N'-tert.butyl-L-prolinamide m 2.5 ml of dry oicniororrerrare 
The mixture was allowed to warm to room temperature and was then stirred overmgnt. The esL • -c 
dicyciohexylurea was filtered off and washed with methylene chloride. The combined filtrate ana "as.- 
were evaporated at 4Q" c in a vacuum to give an oil which was partitioned between ethyl acetate arc -i:*' 
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The organic phase was washed in sequence with saturated aqueous sodium bicarbonate solution ana 
saturated sodium chloride solution and than dried over sodium sulphate. The solvent was removed oy 
evaporation to give an oil which was cnromatographed on silica gei using 14% methanol in aicniorometnane 
for the elution. There were thus obtained 50 mg of product which was recrystallized from diethyl ether n- 
hexane to give 0.045 g of NH3(SH[N-{ben2yloxycarbonyl)-3-cyano-L-alanyi]amino]-2(fl)-hyarcxy"t- 
pnenyibutyt]-N'-tert.butyl-L-proiinamide hemihydrate as a solid of melting point 65-70 C (softening). 

The N 2 -(3(S)-amino-2(R)-hydroxy4-phenyibutyi]-N'-tert.butyl-L-pro(inamide used as the starting material 
was prepared as follows: 

(i) A solution of 0.425 g of 3<SHbenzyloxyformamido)-i .2(S)-epoxy-4-phenyibutane and 0.244 g of L- 
proiine tert.butylamtde in 10 ml of dry isopropanol was heated at 80 *C for 20 hours. The solvent was 
removed by evaporation in a vacuum and the residue was chromatographed on siiica gel using 5"a 
methanol in oichloromethane for the elution. There was obtained 0.44 g of N2-{3<SHbenzyioxyformam.aoi-.2- 
iR)-hydroxy-4-phenyibutyl1-NMert.butyl-L-prolinamide as a white foam. 

(ii) A solution of 0.46 g of N J -t3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenyiburyi]-N'-ten.butyi-L- 
prolinamide in 40 ml of ethanol was hyorogenated over 40 mg of 10% palladium-on-carccn at room 
temperature and under atmospneric pressure for 1.5 hours to give 0.33 g of N 2 -(3(S)-amino-2(R)-hydroxy-4- 
phenyibutyl]-N'-tert.butyi-l_-prolinamide as a gum which crystallized on standing. 



Example 93 



0.167 g of N J -{3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N'-tert.butyl-L-prolinamide was dissolved m 10 
ml of dry dimethyiformamide and the solution was stirred at o'C while 0.191 g of the n- 
!benzyioxycarbonyl)-L-phenyiglycine succmimide aster was added as a solid. The solution obtained was 
stirred at 0" C for i hour and then stored at 4" C overnight. The solution was then evaporated m a vacuum 
and the residue was partitioned between ethyl acetate and water. The organic phase was wasneo with 
saturated aqueous sodium bicarbonate solution and then with saturated sodium chloride solution. The 
aqueous pnases were back-extracted w.tn ethyl acetate. The combined organic phases were cr.ea =ver 
sooium sulphate and evaporated to give a gum which was chromatograpned on silica gei -.sing 
acetone/dichloromethane (i t) for the elution. The combined product-containing fractions were evaporatec 
to give a gum which was re-evaoorated w.th diethyl ether to give 0.127 g of a solid. This solid was extracted 
«ith oichloromethane and the combined organic phases were evaporated to give a sono wnicn «as 
triturated with diethyl ether. There was thus obtained 0.05 g of N2-{3(SH[N-tbenzyioxycarDonyi)-L- 
cnenylgiycyilamino|-2(R)-hydroxy-4-phenyibutyiI-N'-tert.butyi-L-prolinamide as a solid of melting somt iQi- 
i03' C. 



Example 94 



In a manner analogous to that described in Example 92. from 0.15 g of N-tbenzyioxycarconyii-L- 
pnenylalanine. 0.066 g of hydroxydenzotnazoie. 0.1 g of dicyctohexyicarbodiimide and 0.166 g of Ni-.3(Si- 
amino-2<R>-hydroxy-4.ohenylbutyi]-N , -tert.Duryi-L-proiinamide there was obtained 0.1 3 of n 2 -{3(Si-;n- 
(benr/ioxycan^nylH.-phenylaianyi]amino]-2(R)-hydroxy-4-phenyibutyil-N , -tert.butyi-L-oroiinamice as a 

white solid of meiting point 78-80 ' C. 



Example 95 



in a manner analogous to that described in Example 92. from 0.1 52 g of Nwbenzyioxycarcorv. 
:yclonexyi-L-aianme. 0.066 g of hydroxyoenzotnazoie. 0.1 g of dicyciohexyicarbodiimide ana 0 - 66 q z 
(*3(S)-amino-2(R)-hydroxy-4-phenylbutyi]-N -tert.bufyi-L-prolinamide there was obtained 0.1 g of n<-.3i 
;N-(benzyloxycarbonyl)-3-cyclcnexyi-L-aianvilam,no|-2(R)-hydroxy-4-phenylburyil-N'-tert.buty t -L-orc. 1 rar 

of melting point 71-75 C. 
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Example 96 

in a manner analogous to that described m Example 92. from 0.1 g of N-<benryioxycarbonyO I- 
asparagme. 0.05 g of hydroxybenzotriazote. 0.078 g of dicycionexylcarbodiimide and 0.1 7 g of 1-{3(S)- 
amino-2(R}-hydroxy-4-prienyibutyll-4-(tert.butoxycaroonyi)-N-tert.&Lityi-2(R and SV piperazinecartioxamiae 
there was obtained, after trituration with diethyl ether, 0.11 g of a white solid. This solid was purified by 
flash chromatography on silica gel using 10% methanol in dichloromethane for the eiution. The first product 
eluted (isomer A) was 0.043 g of i.(3(SH[N-<benzyloxycarDonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutY<]-*-<tert.butoxycaroonyl)-N-tert.butyl-2(R or S)-piperazinecarooxamide: MS: ove 697 [M » H] 
The second product eluted (isomer B) was 0.007 g of i-{3(SH[N^benzyloxycarponyi)-L-asoaraginyi]aminol- 
2(RVhydroxy-4-phenylbutyl]-4-<tert.butoxycarDonyi)-N-tert.butyi-2(R or S>-pipera2inecarooxamioe: MS: m,-e 
697 [M + H]*. 

The i-[3{S)-amino-2(RHiy<aroxy-4-phenylbutyl3-4-{tert.buto>r/<^t»nyl)-N-tert.butyl-2(R or S)- 
piperazinecarboxamide used as the starting material was prepared as follows: 

(i) 0.65 g of 2-pipera»necarboxyiic acid was dissolved m a mixture of 5 ml of *ater and 5 ml of 
dioxane. treated with 0.42 g of sodium bicarbonate and stirred for 5 minutes. ^'.09 g of di(tert.butyi) 
dicaroonate were added and the mixture was stirred overnight The mixture was concentrated by evapora- 
tion and the residue was extracted exhaustively w.th ethyl acetate. This procedure was reoeated at pM 6 
and pH 4. The aqueous layer. pH 4. was then extracted with n-dutanol. The combined organic extracts were 
dried over anhydrous sodium sulphate and evaporated to give 0.34 g of 4Htert.butoxycar0onyi)-2- 
piperazinecarooxyiic acid as a cream coloured solid of melting point 226-229 C. 

(ii) 0.1 g of 4-<tert.butoxycaroonyl)-piperazine-2-carooxyiic acid was dissolved in 10 ml of 1N sodium 
hydroxide solution, cooled to 0*C and treated with 0.2 g of benzyl chloroformate. The mixture was allowed 
to warm to room temperature and was then stirred overnight. The mixture was extracted with diethyl ether. 
The aqueous phase was then acidified to pH 4 with 2M hydrochloric acid and extracted with ethyl acetate :o 
give 0 06 g of i-(benzyloxycaroonyl)-4-(tert.butoxycarbonyl)-2-piperazinecarOoxyiic acid as a wmte sono: 
MS: m e 365 [M + H]*. 

<iii) 0.285 g of i.(benzyioxycarbonyi)-4-,tert.butoxycarOonyi)-2-piperazinecarboxylic acid «as dis- 
solved in 10 ml of dry tetrahydrofuran and cooled to -15* C while stirnng. There was then aoceo 0.09 g :f 
N-eihyimorpnoline followed immediately by 0.107 g of isobutyl chloroformate. The mixture was stirred for 5 
minutes and then 0.2 g of tert.butylamtne was added dropwise. Stirnng was continued overmgnt. rurmg 
which time the mixture was allowed to reach room temoerarure. The solvent was removed by evaporation 
and there was ootained a buff coloured oil wmcn was partitioned between ethyl acetate and water The 
organic pnase was washed in sequence with iQ% citnc acid solution, sodium bicarOonate solution and 
saturated sodium cnlonde solution and dried over anhydrous sodium sulphate. The solvent was removed =y 
evaporation to give 0.185 g of i-(benzyioxycarbonyi)-4-(tert.butoxycarOonyl>-^-tert.butyl-2-pipera2!necarccx- 
arrnoe as a tight orown oil: MS: m/e 420 [M * H] 

(iv) 1.1 g of wben2yloxycarbonyl)-4-aert.cutoxycarbonyi>-N-tert.butyl-2-oiperazinecarooxamice «ere 
dissolved in 40 ml of etnanoi. 0.1 g of 10% palladium-on-carbon was added and the mixture "as 
hydrogefiated at room temperature and under atmospnenc pressure for 2 hours. The catalyst was ^terec 
off. The filtrate wta evaporated to give 0.74 g of crude product which was purified by flash chromatoqraonv 
on silica get using 5% methanol in dichloromethane for the eiution. After evaporation of the solvents there 
was obtained 0.44 g of 4-<tert.Outoxycaroonyi)-N.tert.butyl-2-pioerazinecarooxamide as an oil: MS. m.e 236 
[M * H]* . 

(v) 0.395 g of 4-<tert.butoxycarbonyO-N-tea.autvi-2-oiperaanecarooxamide was dissolved >n 50 rm :f 
dry tsoprooanol and treated with 0.413 g of 3<SMbenzyioxyformam.doH .2(SH»poxy-4-ohenyibutane "-e 
mixture was stirred at room temperature for 72 hours. The solvent was removed by evaporation :o ;ive i 
drown semi-solid material which was purified by flash chromatography on silica gel using 5% -neinanoi n 

i dichloromethane for the eiution. There was ootained 0 234 g of i.{3(SHbenzyioxyformam.do)-2(R>-n v crc*v- 
4-pnenyibutyil-4-{tert.butoxycar0onyi)-N-tert.butyi-2(R or SVpioerazmecarboxamide as a mixture ;t : a- 
stereomers. 

(v.) 0.234 g of H3(SHbenzvloxyformarr.ioo)-2(R-hydroxy-4-phenylbutyl]-4-<tert.butoxycarocnyn-N- 
tert 0utyi-2<R and S)-p.perazinecarOoxamioe was aissoived m 20 ml of ethanoi and treated w.tn 100 ;t 
i i0<". pailadium-on-carbon. The mixture was nyarogenated at room temperature and unoer atmoscrer c 
pressure for 2.5 hours. The catalyst was filtered off and the filtrate was evaporated to give 0.17 3 zt • ■■. 
amino-2(R»-hyaroxy-4.pnenyH>utyil-4-<tert.butoxycaroonyt)-N-tert.outyl-2(R and S)-piperaz.necarcc*arr :a 
wnicn was used without further purification. 
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Example 97 



0.035 g of i-r3(S)-{[N-benzyloxycarDonyl)-L-asoaraginyi]amino|-2(R)-hycroxy-4-cnenyibvjr/i!"i- 
',tect.outoxycaroonyi)-N-tert.butyi-2<R or S)-pioerazmecarboxamide (isomer A) was dissolved m 5 mi ct etnyi 
acetate ana treated with 5 drops of a saturated solution of hydrogen cnionde m etnyl acetate. The mixTura 
*as left to stand at room temperature for i hour and then worked-up to give, after recrystatlization 'rem 
ethanol/ ciethyl ether. 0.024 g of 1 -[3{S)-CCN-<benzyioxycarbonyi)-L-asparaginyi]am(no]-2(RVhydroxv-4- 
phenyibutyil-N-tert.butyi-2-iR or S)-piperazinecarboxamide hydrochloride (isomer A) of meiting zemt ■ 75- 

iao'c. 



Example 98 



0.01 g of i.[3(SH[N-(ben2yloxycarbonyl)-L-asoaraginyl]amino]-2(R)-hydroxy-4-pnenyibur/i]-a. 
itert.butoxycaroonyi)-N-tert.butyl-2(R or S)-piperazinecarboxamide (isomer 8) was treated w.th rtycrogen 
chloride m ethyl acetate as described in Example 97 to give 0.007 g of 1 -(3(SH[ N -<b® n zyloxycarbonyn-L- 
asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyil-N-tert.butyi-2(R or SVptperazinecarooxamide hydrochloride 
as a very hygroscopic solid: MS: m/e 597 [M + H] . 



Example 99 



in a manner analogous to that described m Example 92. from 0.091 g of N-<benzyloxycarccr.y!)-3-:v2nc 
L-aianine. 0.05 g of hyaroxyoenzotnazole. 0.076 g of dicyciohexyicarbodiimide and 0.!64 g of :-;3.5 - .- 
amino-2(R)-nydroxy-4-pnenylbutyll-*-(tert.butoxycarbonyl)-N-ten.butyl-2(R.S)-pipera2inecarooxamice :rere 
was obtained 0.075 g of a 60:40 mixture of diastereomers of i-(3(S)-{[N-(benzyioxycarocnyO-3-:v3ro--- 
aianyilamino]-2(RVhydroxy-4-ohenyibutyll-4-aert.butoxycarOonyl)-N-tert.Dutyl-2-piperazin8carccxamice as a 
ourf coloured solid of meiting point 80-35* C. 



Example 1Q0 



in a manner analogous to that described m Examoie 92. from 0.108 g of 3-cyano-N-<2^acrtrcvw. 
alanine. 0.054 g of hydroxy benzoin azoie. 0.083 g of dicyciohexyicarbodiimide and 0.1 8 g of i-f3(Si-ammc 
2<RH*ydroxy-4-phenyl butyl]-4-(tert.butoxycarbony0-N-tert.butyi-2(R.S)-oiperazinecarooxamioe :rere ~a 
obtained 0.015 g of a 1:1:1:1 mixture of isomers of 4-<tert.butoxycarbonyl)-N-tert.butyl-i -[3(SW[3-cyanc-N 
(2^«pnthoyl)-U-alanyl]amino]-2(R)-hydroxy-4-pnenyibufyi]-2(R.S)-piperazinecarboxamioe as a sond: vis 
m/e 699 [M + Hl*. 

Tha 3-cyano-N-42-naonthoyi)-L-alanine used as the starting material was prepared as follows: 
0.114 g of 3-cya/io-L-aJanme was dissolved m 5 ml of ' N sodium nydroxiae solution and treatea *m 3 23 
g of 2-naohtnoyi chloride at O'C. After acidification with 2M hydrochlonc acid and flash enromatcgracrv ; 
silica gel using 25 9/ . methanol in dicnloromethane for the eiution there was obtained 0.049 g of 3-cyanc-N 
;2-naphthoyl)-L-alanine of meiting point 95-100' C. 



Examoie 101 



in a manner analogous to that described m Example 92. 'rom 0.0*8 g of i-{3(SW[L-ascaragiry<:arv:-c 
2(R^hyoroxy-4-phenyibutyi]-4-<tert.Dutoxycardonyi)-4-ten.buryi-2(R ana Sl-piperazmecarboxarmce. :: 5 
of -numaidic acid. 0.012 g of hydroxyoenzotnazoie and 0.0t8 g of dicyctonexyicarooanmice -ere 
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obtained, after extensive Mash chromatography on silica gel using 10% methanol m dichloromethane for ;he 
elution. 0.004 g of a pure single isomer A. 4-<ten.butoxycaroonyt)-N-ten.Butyl-i-(2(R)-hydroxy-4-pnenyi-3(SV 
([N-(2-quinolylcartX5nyl)-L-asparaginyl]aminolbut7i]-2(R or S)-piperazinecarboxamide. MS: nve 7ta [M*h]* 
ana 0.003 g of a single isomer. B. 4-(tert.butoxycarOonyl)-N-tert.butyl-i-(2(R)-hydroxy-4-phenyi-3(S^{[N-.:2- 
. s auinoiyicaroonylH-asparaginyl]aminoIbutyl]-2(R or S)-piperazinecarDoxamide: MS: me 718 [M + H]\ 

The i-(3(S)-{[L-asparaginyl]amino]-2(R)-hydroxy-4-phenyibutyi]-4-(terT.Butoxycaroonyi)-4-rert.bur/!- -2fR 
and S)-piperazinecarboxamide used as the starting material was prepared as follows: 

0 06 g of i-(3(SH[ N -<ben2yioxycarbony0-L-asparaginyi]amino|-2(R)-hydroxy-4-phenyiburyi]-4. 
(ten.butoxycarbonyi)-N-tert.butyl-2(R.S)-pipera2inecarboxamide (i.e. the product of Example 96 pnor :o the 
<o seoaration of isomers A and B) was dissolved in 20 ml of ethanoi. 0.03 g of paliaoium-on-caroon was aaoeo 
and the mixture was hydrogenated at room temperature and under atmospheric pressure for 2 hours. The 
catalyst was filtered off and the filtrate was evaporated to give 0.048 g of i-{3(S)-{[L-asparaginyi]ammo]-2- 
(R)-hydroxy-*-phenyibutyl]-4-<tert.butoxycarbonyl)-4-tert.buryi-2-pipera2inecarboxamide whicn was used 
without further purification. 



Example 102 



20 In a manner analogous to that described in Example 92. from 0.151 g of N-<benzyioxycarbonyi)-3- 

cyano-L-aianine. 0.082 g of hydroxybenzotriazoie. 0.126 g of dicycionexyicaroodiimide and 0.212 g of i-[3- 
(S)-amino-2(R>-hydroxy-4-phenyibutyl]-N-tert.butyi-2(S)-piperidinecarDoxamide there was ootained. after re- 
crystallization from diethyl ether/n-hexane. 0.085 g of 1-{3(SH[N-<oenzyloxycarbonyl>-3-cyano-L-alanyi}- 
amino]-2(R)-hyoroxy 4-phenyibutyl]-N-tert.butyi-2(S)-pipendinecarboxamide as a white solid of melting point 

25 74-77* C. 



Example 103 

JO 

in a manner analogous to that described m Example 92. from 0.372 g of N-fbenzyioxycarPcnyo-L- 
asoamc acid. 0.189 g of hydroxybenzotriazoie. 0.288 g of dicydohexyi caroodiimide and 0.54 g 0 f N J -f3fSi- 
amino-2(R)-hycroxy-4-<2-naphthyl)butyi]-N'-tert.butyl-L-oroiinamide there was ootained. after recrystaiiiza- 
tion from isooropanol/n-hexane (1:4). 0.105 g of N 2 -{3(SH[N-<benzyioxycarbonyi)-l_-asoaraginyi]amino;-2<R)- 

35 hycroxy-4-(2-naphthyi)Putyi]-N'-tert.Dutyl-l.-prolinamioe of melting point 149-151 C. 

Trie N 2 -{3(S)-amino-2(R>-hydroxy-4-<2-napnthyt)butyl]-N'-tert.buryi-L-prolinamide used as the starting 
material was prepared as follows: 

(1) 5 g of 3-(2-naphtfiyl)-L-alanine and 0.93 g of sodium hydroxide >n 12 ml of water were cooiec to 
0'C and stirred while a solution of 1.4 g of sodium nydroxide m 9 ml of water ana 5 ml of oenzyi 

•«o chloroformate were added simultaneously during 10 minutes. Stirring was continued for 2 hours ana the 
mixture was allowed to come to room temperature. The' mixture was diluted with water ano then extracted 
with dietftyl ethex. The aqueous layer was acidified with 4 ml of concentrated hydrocmonc aca anc 
extracted vwtfi ethyl acetate. The ethyl acetate extracts were back-wasned with water. The comomea etnyi 
acetate extracts were dried over sodium sulonate. filtered, evaporated and triturated with petroleum etr.er 

*s (boiling point 40-60* C) to give 7.5 g of N-(benzyioxycaroonyl)-3-(2-naphthyt)-t-aianine of meiting point ; 09- 
11 1 'C 

(ii) A solution of 7.5 g of N-(benzyloxycarbonyi)-3-<2-naohthyl)-L-aianine in 20 ml of dry 
tetranydrofuran was stirred at -8'C and treated with 3.5 ml of N-emyimorphoiine followed by 4 mi 
isooutyi cnioroformate. added dropwise over a oenod of 10 minutes. The mixture was stirred at -3 C 'or a 

so further 20 minutes and cold (0'C) anhydrous diethyl ether was added. The resulting white precipitate "as 
filtered off ana the cold filtrate was added aropwise to 100 ml of a stirred, cold (•&' C) solution of 
diazomethane m diethyl ether. The cooling was removed and the solution was stirred for 3 hours. Water «as 
added wniie stirring. The organic phase was washed m sequence with water, sodium bicarbonate soiuncn 
and saturated sodium chtonde solution and then dried over sodium sulphate. The solvent was removed ov 

55 evaooration to give a yellow oil whicn. on evaporation with petroleum ether (boiling point 40-60 C). gave 9 ^ 
g of a solid. Trituration of this solid with diethyl ether and refrigeration at 4 C overnignt gave 3.2 ; :t 
benzyl [3-diazo-i (S)-{(2-naphthyl)methyl]-2-oxoorooyi] carpamate. 
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(iii) 3.13 g of benzyl [3-diaio-i<SH(2-naphthynmethyi]-2-oxopropyl] carbamate were dissolved >n 2C0 
ml of anhydrous dietfiyl ether and stirred while hydrogen chloride gas was bubbled through :r.e solution. 
After 1 dour the initially-precipitated solid became more granular and excess hydrogen cmonae was ceirg 
emitted. Then, the solvent was removed by evaporation at room temperature and the resulting #mte sotio 
s *as dned and freed from entrained hydrogen chloride m a vacuum over sodium hydroxide for 2 "ours. The 
resulting benzyl [3-chioro-i<SH<2-naphthyi)methyi]-2-oxopropyi] carbamate was used immediately n :ra 
next steo. 

iivi The foregoing benzyl [3-chioro-i (SH(2-napnthyi)methyl]-2-oxopropyi] caroamata was oissoivea .n 
100 ml of 10% aqueous tetranydrofuran, cooled to O'C and treated with 0.456 g of sccium borcnycnce 

■o <vhich was added carefully as the solid. The mixture was stirred at 0'C for i hour and then at .'com 
temperature overnignt. The mixture was evaporated to give a white solid which was partitioned serween 
jicmoromethane and water. The stirred mixture was carefully acidified to pH i with concentrated nycroc.-.io- 
nc actd. The phases were separated and the aqueous phase was back-extracted with dichioromethane. The 
comomed organic phases were dried over anhydrous sodium sulphate and evaporated to give * 225 - ;f 

•s :rude product of melting point 1 55-180* C. This crude product was extracted with boiling n-nexane. After 
removal of the solvent by evaporation the residue was -ecrystaliized from ethyl acetate-n-nexane :o ;ive 
1.046 g of pure benzyl [3-chloro-2(S)-hydroxy-i(SH(2-naphthyi)methyllpropyi] caroamate of meiting pomt 
173-174* C. 

(v) i 02 g of benzyl [3-chioro-2(SVhydroxypropyi-i <SH(2-naphthyl)methyl]propyi] carbamate were 
20 stirred m 40 ml of ethanol with 4 ml of 0.7M potassium hydroxide solution in ethanol for 0.75 hours. The 
solvent was removed by evaporation and the residue was partitioned between dichioromethane and water 
The organic phase was orted over anhydrous sodium sulphate and evaporated to give a white solid wmcn 
was recrystallized from ethyl acetate/n-hexane. There was obtained 0.879 g of 3<SWbenzytoxyformamido>- 
1 .2(S)-epoxy-4-<2-naphthy0butane as a white solid of melting point 115-116 C. 
n (vi) 0.465 g of 3{SHbenzyioxyformamido)-i.2(SVepoxy 4-(2-napnthyi)butane and 0.251 g of L-proiine 

tert.butyiamide m i0 mi of dry isoprooanol was heated at 80* C for 23 hours and worked-uo as described m 
Example 92<i) to give 0.483 g of N 2 -{3(SV(benzyioxyformamido)-2(R)-hydroxy-4.(2-naohthyi)butyi]-'N'- 
tert.outyi-L-oroiinamide as a white foam meiting at aDOut 75-85 C. 

(vii) A solution of 0.725 g of N J -(3(SWbenzyioxyformamido)-2(RVhydroxy-4-(2^aohtriyiicur/ ;-N - 
;o •.ert.butyi-L-oroiinam.de was dissolved m 25 ml of ethanol and hydrogenated at room temoerature arc ..-cer 
atmospheric pressure over 0.5 g of 10% pailaoium-on-caroon for 20 hours. The catalyst was Stereo :rf ire 
:ne filtrate was evaporated to give 0.54 g of N2-{3(SVamino-2(R)-hydroxy-L-(2-naphthy0bur/il- l N---ert :-_r/i-.- 
oronnamioe as a white foam whicn was used without further purification. 

15 

Example '04 



in a manner analogous to that described m Examoie 92. from 0.133 g of N-<benzyioxycar=cr 
asparagine. 0.068 g of hydroxybenzotnazoie. 0.103 g of dicydohexyicarbodiimide and O.iS ; v S - 
amino-2(R)-nYdroxy-4-phenyibutyl]-N , -tert.butyi-4(RVhydroxy-L-oroiinamide. but using aicniorcmetrare 
placa of ethyl acetate as the partitioning solvent and 20% methanol in dichioromethane for ;r.e znz. a:cg- 
raphy and carrytng out the re-evaporation with diethyl ether, there was obtained 0.1 3 of n*--;2iS-."h- 
* (benryloxycart>onyi)-l.-asparaginyi aminol-2(R)-hyaroxy-4-phenyiburyil-N' -ten butyi-4(R>-nycrcxv- . 

linamtde of meiting point 1 1 5 ' C. 

The NH3<S)-amino-2(R)-hydroxy-4.phenyiburyi]-N'-tert.butyl-4<RVhydroxy-L-prolinamiCa -sea as -e 

starting material was prepared as follows: 

(i) 2.65 g of N-<benzyioxycaroonyi)-4<RWiyaroxy-L-proline were dissolved m i0 -ni :• :-• 

50 ;etrahydrofuran and cooled to -10' C while stirring with a magnetic stirrer. 1.1 5 g of N-ethytmororcure -e»s 
added followed .mmediateiy by 1 36 g of isooutyl chloroformate. The mixture was stirred at -'0 - -0 
minutes and then 2.19 g of tert.butyiamtne were added. Stirring was continued at 10 C for \ -%r -e 
mixture /vas allowed to warm to room temperature during 2 hours and was then left to stare 'cr : -:_.-s 
The solvent was removed by evaporation m a vacuum and the residue was partitioned -etweer. *■.-.< 

ss acetate and water. The organic layer was wasned w,th 10% citric acid solution and sodium : -car=c-a:e 
solution and than dned over sodium suipnate. The solvent was removed by evaporator :c ;..e i =.: : 



i 



EP 0 346 847 A2 

which was triturated with diethyl ether and filtered off. There were obtained 3.23 g of crude oroduct wn.cn 
was recrystallized from ethyl acetate/diethy! ether to give 1.57 g of N2-ibenzyloxycarbonyi)-N'-tert.butyi-4- 
(R)-hydroxy-L-prolinamide of melting point 128-130 C. 

(ii) 0.224 g of N 2 -(benzyloxycarOonyl)-N'-ten.Outyl-4<R)-hydroxyL-orotinamide was dissolved <n 20 mi 
cf ethanoi and hydrogenated over 50 mg of 10% pailadium-on-caroon at room temoerature and under 
atmosonenc pressure for 2 hours. The catalyst was filtered off and the filtrate was evaporated to give 0.13 g 
of N'-ten.cuty.-4<R)-hydroxy-L-proiinamide wnicn was used in the next steo without further purification. 

(iii) 0.13 g of NMert.butyl-4(R)-hydroxy-L-prolinamiOe and 0.208 g of 3(SWbenzyioxyformam.ac)-i .2- 
(S)-epoxy-4-pnenyibutane in 10 ml of dry isopropanol were heated at 80* C for 24 hours. Working-uo m a 
manner analogous to that described in Example 33(iii) gave, after trituration w.th diethyl ether. 0.236 g of 
M-C3(S^{ben2yloxyformamidoh2(RVhydroxy-4-pnenyibutyl]-N'-tert.butyl-4(R)-hydroxy-L-proiinamide as a 

wnite gelatinous solid of melting point 135 C. 

(iv) 0 226 g of N J -{3{S)-(benzyioxyformamtdol-2(R)-hydroxy-4-ohenylbutyll-N'-tert.butyl-4<RVhyaroxy- 
L-prclinamiOe was dissolved in 20 ml of ethanoi and hydrogenated over *0 mg of t0% palladium on-caroon 
at room temoerature and under atmospheric pressure for 2 hours. The catalyst was removed by filtration 
and the filtrate was evaporated to give 0.16 g of NM3<S)-am.no-2(R>-hydroxy-4-phenyibutyil-NMert.butyi-4- 
(R)-nydroxy-L-prolinamide as a gum which was used without further purification. 



in a manner analogous to that descrtbed in Examole 92. but using dichioromethane m place of ethyl 
acetate as the partitioning solvent, using 20% methanol .n dichioromethane for the chromatography and 
carrying out 'he re-evaoo ration w.th diethyl ether, from 0.067 g of N-(benzyloxycarbonyl)-L-asparag.ne. 
0 034 g of hyoroxybenzotriazoie. 0.052 g of dicyclohexylcaroodiim.de and 0.08 g of NM3(S)-am.no-2(R>- 
hydroxy-4.ohenyibutyi]-N'-tert.butyl-4{SVhydroxy.L-orolinamide there was obtained 003 g of N 2 -f3(S)--.[N- 
iCenzyioxycaroonyO-L-asparaginyllamino]-2(R)-hydroxy-4.phenyibutyi]-N'-!ert.butyl-4<SVhydroxy-L- 

pronnamioe as a cream coloured solid melting at aoout 140' C. 

The N^.;3(S)-am.no-2(R)-hydroxy-4-phenyiburyil-N'.rert.butyl-4<S)-hydroxyL-proiinam.de used as Te 

starting material was preoared as follows: 

0) 1 7 q 0 f N-(benzyloxycarbonyn-4(SVhydroxy-l-oroline were dissolved m 1 5 ml of dry aimethyifor- 
mam.oe wn.le stirring and the solution was cooied to 0' C. 0.817 g of N-nydroxysucc.n.m.de was added ana 
•ne mixture was stirred while the temperature was allowed to nse to 20 C. The mixture was men stirred 
cvemignt at room temperature. The resulting d.cycionexyiurea was filtered off and the filtrate was cooed :o 
.10 "C 2 mi of ten butylamine were then added wmie stirring. Stirring was continued wmie the mixture ~as 
allowed '0 "arm to room temperature and the mixture was tnen stirred overnignt. The separated sono was 
'iitereo off and the filtrate was evaporated .n a vacuum to give a gum wh.cn was oamt.oned between etnv. 
acetate and water. The organ,c layer was washed with 10% c.tnc acid solution and then w.th saturated 
sodium bicarbonate solution. The aqueous pnases were back-extracted iw.ce ««th ethyl acetate. The 
-omened organic phases were dried over anhydrous soo.um suipnate and evaoorated to give a sond wn.cn 
was punfied by flash chromatography on silica gel us.ng 5". methanol «n dichioromethane for the eiut.on 
There were obtained 1 36 g of a crude product wn.cn was recrystallized from ethyl aceta»a.etnv 
ether.petro.eum ether (boiling po.nt 40-60 "a <i:«:4» and then stored at 4 C ^n a ■<^«™™™* m . 
There were thus obtained 1.127 g of N^tbenzyioxycarbonyO-N'-tert.butyi^Sl-hydroxy.L-prounamiae at 

melting point 131-132* C. u ^ _, tQ „ 

(„) 0 224 g of N2Hbenzyloxycarbonyl)-N--tert.buryl-MS)-hydroxy-L-prolinam.de was hydrogenated ,n a 
manner analogous to that desenbed in Example 104 ,ii) to give 0.135 g of rr .tert.butyl-4<S)-hyoroxy-L- 
, oroiinam.oe as a gum-like solid which was used m the next step without purification. 

(iii) 0 135 g of N'-tert.butyl-4(S)-hydroxy-L-pro.inam.de and 0.208 g of 3(SWbenzyioxyformamioo>-' 2- 
(S)-eooxy-4. 0 henyibutane in 10 ml of dry ethanoi was stirred for 4 days at room temperature. The mixture 
was *orKed-uo as described in Example 92<i>, w.th the exception that the chromatography was carr.ec out 
using 10% methanol m dichioromethane for the eiution. There was obtained O.n g of N-,3(b,- 
5 lC enr/ioxyformam.do>-2(R)-hydroxy-4-pheny^ 

liv) 0 1 1 d of NM3<SWbenzyloxyformamidoi-2(R)-hydrox V -4^henyibutyl]-N'-tert.butyl-4(S)-h y aro, y -.- 
pro.inam.de was dissolved in 10 ml of ethanoi ana nyarogenated over 20 mg of 10% pa.ladium-on-carcon at 
room -emcerature and under atmospner.c pressure for 2 hours. The catalyst was filtered off ana the .i.ra-.. 
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was evaporated to give 0.08 g of N J -{3(S)-arnjno-2{R)-hydroxy-4-phenyibutyi]-N , -tert.tiur^-^S'rnycroxv---- 
prolinamide as a gum which was used without further purification. 



Example 1 06 



in a manner analogous to that described in Example 92. but using dichioromethane -n oiac9 cf ethyi 
acetate as the partitioning solvent, using 20% methanol in aichioromethane for the cr.rcmatograory arc 
carrying out the re-evaporation with diethyl ether, from 0.105 g of N-<benzyloxycarbonyi)-l_-ascaragine. 
0.054 g of hydroxybenzotnazole. 0.082 g of dicyclohexytcarbodiimide and 0.17 g of N 2 -r3(Sl-aminc-2(R)- 
nydroxy-4-phenyibutyl]-4<RHtert.Outoxyformamido)-N 1 -tert.butyi-L-oroiinamide there was obtamec 2.0*5 g 
0 f N 2 -{3(SH[N-{benzyioxycarOony))-L-asoaraginyi]amtno]-2(R)-hydroxy-4-onenyibutyii-ifRi- 
(tert.butoxyformamiao)-N'-tert.butyl-L-proiinamide as an off-white solid of melting point i 70- 1 75 C. 

The N2-{3(S)-amino-2(R)-hydroxy-4-phenylbutYl]-4<R)-(tert.butoxyformamido)-N , -?ert.3utyi-L-orcnramice 
used as the starting material was prepared as follows: 

(i) 0.32 g of N J -(benzytoxycarbonyl)-N'-tert.butyl-4<S)-hydroxy-L-prolinamide was dissolved >n 5 ml cf 
dry pyridine while stirring, cooled to 0 ' C and treated oropwise with 0.82 ml of meihanesuiphonyi cnionce. 
The solution was stirred at 0*C for a further 2 hours. The mixture was poured into a mixture of 'Ce and 
water which was then extracted with ethyl acetate. The comomed organic extracts were washed with 2M 
hydrochloric acid and then with saturated sodium bicarbonate solution and subseauently cried over 
anhydrous sodium sulohate. After avaooration there was ootained 0.5 g of N 2 -<benzyioxycarConyn-N'- 
tert.butyl-4/S)-<methanesulphonyloxy)-L-proiinamide as an oil which was used without further purification-. 

(ii) 0.5 g of N 2 -(benzyloxycarbonyl)-N'-tert.butyl-4(SHmethanesulphonyloxy>-L-oroiinamide was cis- 
solved m 10 ml of dry dimethyiformamide and treated with 0 330 g of sodium azide. The heterogeneous 
mixture was stirred and heated at 75 * C for t8 hours. The mixture was evaooratea under an on cumo 
vacuum to give a solid which was partitioned between ethyl acetate and water. The ethyl acetate o.-asa ~as 
washed *ith saturated sodium chlonae solution and dried over anhydrous sodium sulohate. scert «as 
removed by avaooration .to give 0.345 g of N 2 -(benzyioxycaroonyi)-4{R)-aiido-N'-ten.butyi-u-cfCi.rarr,c:e n 
•he form of a gum. 

(iii) 0.345 g of N 2 -(benzyioxycarbonyi)-4(H).azido-N , -tert.outYl-L-prplinamide was ossoivec r, 5 :f 
dry :etrahyarofuran and the solution was evaporated. The residual gum was dissoivea .n '0 : i zry 
tetrahydrofuran and treated under a nitrogen atmosphere with 0.282 g of tnphenyipnosDmne. The -esurirg 
solution was left to stand under a nitrogen atmosohere at room temperature for 18 hours. 0.027 5 :f «ater 
was added and the solution was left to stand at room temperature for 24 hours. The solvent ~as :ren 
removed Qy evaporation and the residual gum was oartitioneo between water and =ietnyi etrer "-e 
aaueous phase was back-extracted with diethyl ether. The aqueous phase was then evaooratec :o ;;.e : Z9 
g of N 2 -(benzyioxycaroonyO-4<R^amino-N'-tert.t:utyi-L-0roiinamide as a gum. After stancmg rver-;,-; at 
room temperature the diethyl ether extracts were comomed and evaporated to give 0.7 3 ;f ar m " r 'cn 
was chromatographed on silica gel using 10% methanol in dichloromethane for the eiution -o ;:-.-e a -_rrer 
O.18 g of N'^benzyloxycaroonyD^Ri-amino-N'-tert.butyi-U-oroiinamide as a gum. 

(iv) 0.21 g of (v^^benzyioxycarbonyO-^RVamino-N'-tert.butyl-L-prolinamide was osscivec - 1 ~:x- 
ture of 5 ml of dioxane and 5 ml of water. 0.056 g of sodium bicarbonate was added to give a seiner, o 

i which 0.144 g of di(tert.butyi) dicarbonate was added. The mixture obtained was stirred at -com er-cera- 
ture overnight. Solvents were removed by evaooranon ana the residue was partitioned between ~a<er arc 
diethyl ether. The aqueous phase was back-extracted with diethyl ether and then with athyi ac^a:e " , -e 
combined organic extracts were washed with saturated sodium chloride solution and dneo aver arr.crcus 
sodium sulohate. The dried extracts were combined and evaporated to give 0 Z~ ; 

> ,benzyloxycarbonyl)-4<R)-<tert.Outoxyformamiao)-N'-tert.butyl-L-orolinamide as an orf-wmte fcam 

(v) 0.25 g of ^-(benzyloxycarDonyD^RHten.butoxyformamido-N'-tert.butyl-L-proiinam.ce -as :is- 
soived m ethanoi and hydrogenated over O.t g of 10% palladium-on-caroon at room temoerature arc .rcer 
atmosohenc pressure for 4 hours. The catalyst was filtered off and the filtrate was evaooratec :c ; -e :■ " j 
of 4<RHtert.butoxyformamido)-N'.terT.butyi-L-proiinamiae as a glass which was used without 'ur-er -ca- 

5 tion. 

(vi) 0.17 g of ^RHtert.butoxyformamidoi-N'-tert.butyi-L-orolinamide and 0.1-3 , -' - = 
ibenzyioxyformam.do)-l.2(S)-epoxy-4- P henyibutane m IS ml of dry ethanoi were stirred arc 

solution was left to stand at room temperature for 4 5 days. The solution was then neacec at - : ■ -o 
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hours. Worxing-up as described in Example 92(i), with the exception that the chromatograohy was earned 
out using 10% methanol in dicnloromethane for the elution. gave 0.230 g of N a «(3(SWben2vioxyformamico>- 
2(RVhydroxy-^heflylbutYil-4<RWtert.butoxyiormarntdo)-N'-tert.bur^l-L-proiinarriide as a gum. 

(vii) 0.22 g of N 2 -(3(SV(ben2yloxyformamido)-2(R)-hy(3roxy-4-phenyibutyi]-4/RV 

(ten.butoxyformamido)-N'-tert.butyl-L-proiinamide was dissolved in 10 ml of ethanol and hydrogenatea over 
0.05 g of i0 o/ <i palladium-on-carbon at room temperature and under atmosonenc pressure 'or 2 hours. The 
catalyst was filtered off and the filtrate was evaporated to give 0.17 g of N 2 -[3(SVammo-2(RVnyaroxy"i- 
chenyibutyi]-4{R)-<tert.butoxyformamido)-N , -tert.butYi-L-prolinamide as a gum wnicn was used without fur- 
ther purification. 



Example 107 



in a manner analogous to that described in Example 27. from 1 62 mg of 2-{[3(SH[l--asoaraginyilaminoi- 
2(R)-hydroxy-4-phenyl]butyl]-N-tert.Dutyl-i 2.3.4-teu-anydropyrido{3.4-b]indoie-l(R or S)-carooxamide. 
(isomer B). 55 mg of quinaldic acid. 43 mg of i -hydroxybenzotriazoie. 0.04 ml of N-etfiylmorpholine ana 66 
mg of dicyclohexyicarbodiimide there were ootained. after chromatograohy on silica gel using 3% methanol 
m ethyl acetate for the elution. 95 mg of N-tert.butyl-1 .2.3.*-tetrahydro-2-{2(R)-hydroxy-4-phenyi-3(SH[N-<2- 
quinoiyicarbonyl)-L-asparaginyi]amino]butyi]pyndo(3.4-blindoie-i(R or S)-carboxamtde: MS: m/e 707 

(M +• H] " . 

The 2-{[3(SH[L-asparagtnyllaminol-2(R1-hydroxy-4-phenyilbutyi]-N-tert.buryi-i.2.3.4-tetrarydrooyndo- 
(3.4-b]indole-i(R or S)-carboxamide used as the starting material was prepared by hydrogenaung-2-(3(S>-{- 
[N-<benryioxycarbonyl)-L-asparaginyl]amino]-2(RVhydroxy-4-prienylbutyl]-N-tert.butyi-i. 2.3.4- 
tetrahydrooyndo(3.4-blindoie-i(R or S)-carboxamide. 



Example 108 



A solution of 154 mg of trans-2-[3(Sl-{(L- asoaraginyi)aminol-2(R)-hydroxy-4-onenyiburyi]-N-?en.bur/i- 
-ecanycrc-<4aR.8aS)-isoquinoline-3(S)-carooxamiae and 52 mg of quinaldic acd .n 6 mi of cry 
•etranydrofuran was cooled in an .ce-salt mixture. 41 mg of hydroxybenzotnazole. 35 mg of N-sthyimcr- 
anciine anq 68 mg of dicyclonexylcarbodiim.de were added and the mixture was stirred for 64 hours, "^e 
mixture was diluted witti ethyl acetate and filtered. The filtrate was washed with aqueous socium 
oicarbonate solution and with sodium chloride solution and then evaoorated. The residue was cnrcmaicg- 
-aoned on silica gel using dichtoromethane methanol (9:1) for the elution to give 50 mg of trans-N-ten butyi- 
cecahydro-2-[2(R)-hydroxy-4-phenylO(SW[N-.2-quinolyicaroonyiVL-asoaraginyi]aminoiburyll-(4afl.3aS'i- 

.soquinoline-3(S)-carboxamide as a white solid: MS: m/e 671 [M +H] . 

The tjans-2-{3(SH('--asparaginyi)aminol-2(R)-hydroxY-4-phenylbutyil-N-tert.butyi-decahydro-(aafl.3aS l - 
; S oqu.noiine-3(S)-carboxamide used as the starring material was preoared by hydrogenating trans-2-;3(SW- 
(NHbenzytoxycartXJnylhL-asparaginyllamino]^ 
. soquinoiine-3(S>-carboxamide. 



Example '09 



A solution of 102 g of 1 .(3(S)-amino-2(R)-hydroxy-4-phenylbutyll-N-tert.buryi-2(S>-piperiainecar=c- 
xamiae and 685 mg of N.(tert.butoxycarOonyi)-S-metnyl-L<ysteine .n 7 ml of cry tetrahydroturan .vas 
cooied m an .ce/salt mixture. 394 mg of hydroxybenzotnazole. 335 mg of N-ethyimorqhol.ne and 061 mg c- 
dicycicnexyicarbooiim.de were added and the m.xture was stirred for 3 Sours. The mixture was cuuted -tr 
ethyl acetate and filtered. The filtrate was wasned w.th aqueous sodium bicarbonate solution ana ~tr 
sodium cnior.de solution and then evaporated. The solvent was removed by evaporation and tr.e > ^s.cue 
was cnromatographed on silica gel using dicn.oromethane,metnanoi (96:4) for the elution to give o30 mg :« 
i-(3(S>-([N-(tert.butoxycarOonyl)-L-cysteinyijam.nol-2(R)-hydroxy-4-phenylbutyll-N-ten.butyi-2(S)- 
pioendinecarooxamide m the form of a white scud: MS: m.e 565 [M + h] 
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A solution of 650 mg of N-wrt.Uutyt-i -;3<Sl-i(L-cysteinyOamino]-2(R»-hyaroxy-4-onenyibur/!]-2(Si- 
p.pendinecarooxam.de and 242 mg of au.na.o.c aca *as cooied .n an ice/sait mixture. :39 mc ;f 
hycroxyoenzotriazoie. 161 mg of N-ethyimoronoiine and 317 mg of dicyclonexyicarooanm,ce were accec 
and the mixture was stirred for 64 hours, the mixture was diluted with ethyl acetate and 'iitereo. ana the 
'iltrate was then evaoorated. The residue was partitioned between dichlorometnane and acueous sccium 
o.caroonate solution. The organic pnase «as wasned with sooium chionae solution ana -.hen evacoratea. 
The res.due was enromatograoned on s.iica ge. using oichioromethane/methanoi <i9:i> ;or :ne e-Lt.cn :o 
give 350 mg of N-tert.dutyi-i -(2(RVhydroxy-^onenyl-3<SH[N-<2-quinolylcarOonyi)-L-cysteiny< .arr.ir.o.bur/i]- 
2(S)-pipendinecarooxamioe as a wnite solid: MS: nve 620 [M ■*■ H] . 

The N-ten.bufyl-i-{3(S)-C(L-cysteinyi)aminol-2(R)-hydroxy-4-phenylbutyi!-2(SVp.oenairecarcoxamice 

used as the starting material was prepared as follows: 

A solution of 930 mg of i.f3(SH[NWtert.3utoxycarOonyl)-L^yat»nyi]arninol-2(R)-hYaroxy-4-pneny.tur/.]-N. 
-art bury|.2(S)-p.peridinecarDOxamide .n 7 mi or tnfluoroacet.c acid was stirred at 20 C for i ncur. . -.e 
mixture was then evaporated to dryness and tr.e res.due was partitioned between cichioromethane and 
aaueous sodium b.caroonate solution. The organic phase was evaporated to give 650 mg of N-ten.sur/l-i- 
[3(SH(L-cyste.ny0amino]-2(R)-hydroxy-4-oneny t butyll-2{S)-pipendinecarDOxam.de as a csiourtess gum. MS. 

m,e [M + H] * 
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15 mg of fresmy distilled acetyl cnionde were added to a solution, which was cooied :o 0 ara stirred, 
of 12 mg of 4(R)-arnino-Na-{3(SHtN-<benzyioxycaroonyi)-L-asoaraginyi]arnino]-2(R>-hyaroxy-*-orenv •bur/i , : - 
N-.rertdutyM -oroiinam.oe hydrocnlor.de and 2i mg of sodium o.caroonate m 0.5 ml of water arc 3 -5 mi 
of .-.methyiformam.ee. The m.xture was st.rreo v.gorousiy at 0 " C fpr 5 hours and then en :o stare at -com 
temperature overn.ght. The m.xture was e.iuted with water and extracted w.tn o.cniorcmetr.ar.e. --e 
-omo.nea aicmoromeihane extracts were evaoprateo to g.ve a gum which was purified oy riasn :-rtma,=g- 
raony on s.iica gel using 20% methanol m dicmorometnane for the elution. There were oota.rea 2 ~q :t -i- 
<RVacetyiam.no-N2-[3(SHtN-<ben2yioxycaroony.)-L-asoaraginyi]am.no|-2(R)-hydroxy-4-pnenyibLr/ i: -N • 

•en dutyi-L-oroiinamide as a semi-solio: MS: m.e 639 [M » H] 

The 4(R)-am.no-N2-[3<SH[N-(benr/ioxycarconyO-L-asoaraginyi1am.nol-2(R)-hydroxy-4-cr.eny -cuty-.-N - 

•en putyi-L-orpi.nam.de hydrochior.de used as :re starting material was prepared as follows: 
29 mg of NH3(SH[N 2 -'benzy.oxycaroony.^L-asparaginyllam.no]-2(R>-hydroxy-4-cr,ery:bLtv:.--'PiV 
.tea dutcxyformam.do i-NMeri.Dutyl-l--oro.inam.ee were a.ssoived m 0.5 ml of a saturated scx::cn :t 
nyarogen chloride .n ethyl acetate and eft :o stand at room temperature for i -nour. .--e scu:=-:r .vas 
evaporated and the res.due was triturated w,tn aiethy. ether and stored at 4 C overn.gnt. -e secaratea 
solid was filtered "off and washed *.th diethyl ather to g.ve 19 mg of 4<R>-am,rc-N^o -. ; n- 
( benzyloxycarbcnyl)-L-asoa/ag.ny. lam.no ^ -vdro- 
chlorid* as a solid of melting point 206-210 C. 

The following Example .llustrates :ne manufacture of a pharmaceutical preparation ::-.airr- a 
cpmpound of formula I or a pharmaceutical acceptacie acid addition salt thereof as the active rgr-cen. 



An aoueous solution of the active .nqred.ent .s filtered sterile and mixed wn.le warm.ng ~<v 
geiatine solution, whicn contains pnenoi as a preserving agent, using amounts sucn that _u 
resulting so.ution contains 3.0 mg of active .ngredient. iSO.O mg of gelatine. 4.7 mg of oner.o ar 
water ad i 0 mi. The mixture .s filled .mo v.ais of i .0 mi capacity under aseptic conditions. 
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Claims 

i. Compounds of the general formuia 



R 2 ^ R 7 



-vnerem n stands for zero or 1: R' -eoresents aikoxycaroonyi. araikoxycarbonyi. aikanoyi. cyccaikvc.- 
conyi. araikanoyl. aroyl. heterocyciyicarbonyi, aikyisulononyi. aryisuipncnyi. monoaralkyicarcamcyi. ;: 
namoyl or a-araikoxycarbonylammoaikanoyi and R 2 reoresents hydrogen or R' and R 2 together with : 
nitrogen atom to wnicfi they are anacned represent a cyclic imide group of the formula 



O 

P 

I 

Q 

6 



N 

V 



■,n wnich P and G together reoresent an aromatic system: R 3 reoresents aikyl. cycioaikyi. aryi. araiw- 
■^eterccyciyiaikyl. cyanoaikyi. aikyisuiohmyiaikyi. caroamoytaikyi cr aikoxycaroonyiaikyi or. wnen i star 
'or zero. R 3 can aiso represent alkyitmoaikyi or. wnen n stands icr i. R 3 can also represent aikyisuicrcrv 
<yi: R* represents aikyt. cycioaikyi. cycoaikyiaikyl. aryi or araikyi: R* reoresents :-iyorogen arc 
reoresents nycroxy or R 5 and R* together represent oxo: R' and R' together represent a tnmetnysere 
tetramethyiene group wnich is optionally substituted by nyaroxy. aikoxycarbonyiammo or acyiamiro :r 
Arnicn one -CH 2 - group <s replaced by -NN-. -iN(aikoxycaroonyn-. -N(acyi)- or -S- or wnicn carries a ; ls 
cycioaikane. aromatic or heteroaromatie ring; and R' represents aikoxycaroonyi. .-nonoaikyicarcarrc' 
monoaralkyicaroamoyi. monoarylcaroamoyl or a group of the formula 



CH SH- 



m wnicn R' a and R 1 ' each represent aikyt: 

and onarmaceuncally acceptable acid addition salts thereof. 

2. Compounds according to claim i. wnerein n stanos for zero. R 3 reoresents aikyl. cycioaikyi a.- 
araikyi, reterocyciyiaikyl. cyanoaikyi. aikyithioaikyi. caroamoy laikyl or aikoxycaroonyiaikyi and R ; arc 
together reoresent a tnmethylene or tetrametnyiene group m wmcn one -CHj- group can be reoiacec 

• nh- or -S- or wnicn can carry a fused cycloaikane. aromatic or heteroaromatie ring. 

3. Compounds according to claim 1 or claim 2. wnerein R' represents aikoxycaroonyi. aralkoxycarcc- 
aikanoyi. cycloalkylcarbonyi. araikanoyl. aroyi. heterocyclyicaroonyl or a-araikoxycaroonylammo-aikarc 
preferaoiy ben2yloxycarbonyl, 2-napnthoyl. 1 -rtyaroxy-2-oaonthoyl, 3-hydroxy-2-napnthoyl. 3-0enjyic* v- 
naohtnoyl. 2-qumoiylcarbonyl or 3-auinolylcarDonyi. and R 2 represents hydrogen. 

•*. Compounds according to any one of claims 1 to 3. wnerein R 3 represents aikyl. cyarca.< 
aikyithioaikyi or carbamoyiaikyl. preferably cyanomethyl. methyithiomethyl or carbamoyimethyl. 

5. Compounds according to any one of claims i to 4. "herein R 4 represents araikyi. preferaoiy zer: ■. 
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6. Compounds according to any one of ctaims 1 to S. wnerem R 4 reoresents ■-lycrcgen arc 
represents hydroxy. 

7. Compounds accorcing to any one of claims i to 6. wnerein -N<R')-CH(R ! )(R S ) 'ecresents ore cf 
Allowing groups 



/ 



<d) 



R 

(f ) 




and 



V 



/ ( : 



«nerein R s has the significance given -n ::aim i. R' 2 reoresems hydrogen, hydroxy, aikoxycarcc 
or acyiammo. R' 3 represents hydrogen, aikcxycaroonyi or acyi. m stands for i or 2 and o stares - 
preferaoiy a group of formula (O m *n 1C n R' : reoresents -tydrogen and m stanas for 2 or R'- -i 



53 



EP 0 346 847 A2 

tert butoxycanbonylamino and m stands for 1, a group of formula (a) in wnicn R" : -scresents 
tert.Dutoxycartxsnyl, a group of formula (e) m whicn m stands tor 1. a group of formula (0 in wnicn m anc 3 
botfi stand for 1 or a group of formula (g). (i) or (j). 

8. Compounds according *.o any one of claims 1 to 7. therein R s represents aikoxycaraory 
monoaikyicaroamoyt or a group of formula (b) given m claim t. orer'eraDiy tert.butoxycaroonyi. : sccuryicar- 
bamoyi. tert.butylcarbamoyl or a group of formula (b) given in claim 1 in wnicn R' 1 represents sec.curyi arc 
R" -eoresents isoouryl. 

9. Ccmoounds according to any one of claims 1 to 8, wherein R' reoresents benzyioxycarccnyi. 2- 
napntnoyl. t-nyCroxy-2-naphthoyl. 3-hydroxy-2-naohtnoyl. 3-benzyloxy-2-naphthoyl. 2-ctiinoiyicarccnvi or 3- 
qumolyicaroonyl and R J represents hydrogen. R 3 reoresents cyanomethyl. methylthiometnyi or carcamcyi- 
methyi. R 4 reoresents benzyl. R* reoresents nydrogen and R' reoresents hydroxy ana -n<R')-Ch<R j, (R ? ' 
reoresents a group of formula (c) given m claim 7. in which R' J represents hyarogen ana m stancs 'or 2 :r 
R' 1 represents tert.butoxycaroonyiammo and m stands for 1 . a group of formula (dJ given m c:aim 7 n 
which ft' 3 represents tert.butoxycarbonyt. a group of formula <e) given in claim 7 in which nn stanas ; cr v a 
grouo of formula (f) given m claim 7 in which m and p both stand for 1 or a group of formula .gj. ■ > zr ;• 
given m ciaim 7 and R s reoresents tert.butoxycarbonyl. isobutylcarbamoyl. tert.Dutyicarbamoyi or a group of 
formula (b) given in claim i in which R'° reoresents sec. butyl and ft" represents isobutyi. 

10. N J -{3(S)-{[N-(8enzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-nydroxy4-ohenyibutyi]-N' - 
tert.butyl-L-prolinamide or N 2 -{3<SH[N-(benzyioxycarbonyl)-L-asparaginyi]amino]-2(R or Si-nycrcxy-4- 
pheny(butyi]-N ! -isobutyl-L-oronnamide. 

n. A compound accoraing to claim i. selected from: 
NH3(SH[NHBenzyloxycarbonyl)-L-asparaginyi]amino]-2(ft)-hydroxy-4-phenyibiJtyl]-N'.tert.3ur/!-4iR). 

thiazoiidinecarboxamide. 

N-tert.buryl-l-(2(R)-hydroxy3{SH[N-<2-napntnoyl)-L-asparaginyilamino]-4-pheny(butyl]-2(S)- 
pioenainecarboxamiae. 

i-(3(SK[N-'benzyioxycarbonyiVL-asoaraginyi]amino]-2(R)-hydroxy^ 
(3aS.6aS)-cyc!ocenta(b|pyrroie-2(S)-carboxamide. 

1- {3(SH[N-(benzyloxycarbonyn-L-asoaraginyl]amino]-2(R)-hydroxy-4- 0 henyibutyl]-N-ten.Dutyl-2fSi- 
oioeriamecarooxamide. 

2- (3(Sl-{[N-fbenzyioxycarOonyi)-L-asoaraginyl]amino]-2(R)-riydroxy-4-pnenyibutyi]-N-terT.bur/i-' 2.3.4- 
:etrahycrcDynao(3.4-b Jindcie- 1 -carboxamide. 

N-tert.bur/i-3-f2(R)-nydroxy-3lS)-([N-(2-naonthoyl)-L-asparagmyl]aminol-4-phenylburyi]-4<R)- 
thiazoiiamecarooxamide. 

N , -'.en.Outyi-N J -[2{R)-nydroxy-4-pnenyi-3'S}-([N-<2-quinolylcarbonyi)-L-asparaginyilaminoj-L-orciinarT':C3 
oxiae. 

!-;3fSV:[N-fcenzyloxycarbonyi)-3-cyano-L-a!anyl!amino-2mi-hydroxy-4.pnenyibutYl]-N-ten.butyi-2!S J - 
oioenainecarooxamide. 

i-i3(SKl N -'DenzyioxycarDonyi)-L-asoaraginyl]amino]-2(RVhydroxy-4-phenyibur/il-4-rtert.outoxycarccr . -\- 
rert.outvi-2(R or S)-piperazinecarboxamide. 

i-[3(SH[N-(benzyloxycarbonyi)-3-cyano-L-alanyi]amino]-2(R)-hydroxy-4-phenyibutyll-4- 

:ten.butoxycarbonyi)-N-tert.butyl-2(R or S^-piperazmecarooxamida. 
N 2 -r3(SH[N-<l3enrytoxycart5onyl)-L-asparaginyilamino]-2(R)-nyGroxy-4-phenyiburyij-4(R^ 

!ten.butoxyfOfmamido)-N , 't9rt.Duryl-L-proiinamide. 

!-[3(SH[NM3-tt^ryioxy-2-napmhoyi)-L-asparaginyi]aminol-2(R)-hyaroxy-4-ohenyiburyil-N-rert.outyi-2'.S- 
pi penainecarboxamide. 

N-tert.Outyl-K2(R)-»ivdroxy^ohenylO(SH[N-f2-quinolyicaroonyO-L-asparaginyilamino]butvi]-2- 
cioenamecarboxamida i -oxide. 

N-tenoutyi i .{3(SH[N-<3-hydroxy-2-naonthoyl)-L-asparaginyl]amino]-2(RVriydroxy-4-phenyitutv -Z S .- 

cioenamecarboxamide. 

i rrans-2-(3(SH[N*'tienzyioxycarbonyO-L-asoaraginyi!amino}-2(R)-hydroxy-4-pnenyibutyll-N-tert.butvi- 
aecanyaro-(4aR.8aSHsoquinoiine-3(S)-carooxamide. 

4- ( tert.butoxyca/oonyi)-N-tert.butyl-l-{2(RVhydroxy-4-phenyl-3(SH[N-<2-quinolyicarbonyl)-L-asparag ! r-. '- 
aminojbutyl]-2(R or S)-piperazinecarboxamide. 

N-'err.Dutyi- 1 -t2(R)-riydroxy-3(SH[ N -0 -hydroxy-2--naohtnoyl)-L-asparaginyilamino]-4-phenyibutyi]- i :S - 

i pioenainecarboxamiae. 

!rans-N-<en.Outyi-decanydro-2-{2(R)-hydroxy4-pnenyi-3(SH[N-(2-quinolylcarbonyl)-L-asoaragin y r!ar-r-t - 
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DutylH 4 « f, - 8aS >- lSO <3 ,J,n0 ' ine * 3<S) " cartl0xamic!9 3/1(3 

N-tert.butyl-lH2(R)^ydroxy^phenyl-3(SH[N-<2-ciuinolyicarDonyt)-L<yst9inyilarTiinoibutvi]-2{Sr 
pipertdinecartooxarn.de. 

12. N-tert.Butyl i.{2(R)-hydraxy4-ohenyl-3(SH[N-<2-quinoiylcarbonyO-L-asoaraginyiIaminojbuty.i-2 
oiperidinecartooxam.de. 

13. N-te«t.Butyi^ctahydro-i-{2(R)-hydroxy-4-onenyl-3(SH[N-<2-ouinoiyicaroonyi!-L-asoaraginyi|ami 
outyl-<3aS.6aS)-cyc!openta(b]pyrroia-2(S)-carDoxamiae. 

4. N-tert.Butyi-1 .2.3.4-tetranyaro-2 [2<R^ y arox y -4-ohen y ,0(SW[N-<2-au,no<yicarocn Y1 >-L-asoarag,r 
amino]butyi]pyriao(3.4-b]indale-MR or Sl-carooxam.de. 
15. Compounds of the genera! formula 



R 3 



therein fl represents nyarogen or the group 



R3 presents aikyi. cycicaikyi. aryi. araiky.. neterccyc.yiaikyl. cyanoa.kyi. aikyith.ca.kyi. a.ky.su: c 
--roamoy.aikyl or alkoxycaroony.a.ky,: R* ,-eoresents aikyi. cycoalkyi. cycoalky.aikyl. ary. :r = 
-ecresenw nyarogen and R s reoresents hyaroxy or R 5 and R« together recresent oxo. R arc R 
-eoresent a :r.metnyiene or tetramethyiene group *n.cn >s optiona.ly suosmuted oy r. y cr=xy. 
aony.am.no or acyiam.no or ,n wn.cn one -CH,- group .s reoiaceo by -NH-, -Nia.koxycarcoryM- 
-5- or wn.cn carr.es a fused cycoaikane. aromatic or neteroaromat.c ring: ana R- -epreser. 
sonyi. monoaikyicaroamoyl. monoaraikycaroamoyl. monoaryicaroamoyi or a g; 



mg: ana 

:he f crm.u 



-CCD CH * 



m which R 10 and R" each represent aikyi. 
16. Compounds of the general formula 



„nere.n n stands for zero or i : R' presents aikoxycaroonyl. ara.koxycarbonyi. aikancy. 
oonyi. ara.kanoy.. aroyi. heterocycyicaroony.. a.ky.su.ononyi. ary.su.pnonyi. ^onoara.ky. 
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namoyi or a-aralkoxycarbonytarnino-alkanoyt and R 2 represents hydrogen or R' and R 2 together *itn ire 
nitrogen atom to which may are attached represent a cyclic imiae group of the formula 



m wnich P and Q together represent an aromatic system: R 3 represents alkyl. cycioaikyl. aryi. araikyi. 
heterocyclylalkyl. cyanoaikyl. aikyisulphinylaikyl. carbamoyiaikyl or aikoxycaroonylalkyt or. Ten n stares 
for zero. R 3 can also represent aikylthioalkyl or. *hen n stands for 1 . R 3 can also represent aikyisutononyiai- 
kyl; R* represents aikyl. cydoalkyl. cycloalkyiaikyl. aryl or araikyi: R' represents hydrogen and R* 
represents hydroxy or R 5 and R* together represent oxo: R 7 and R* together represent a tnmethyiene or 
tetramethyiene group which is substituted by amino: and R 1 represents aikoxycardonyi. monoaikyicar- 
bamoyl. monoaralkyicarDamoyi. monoarylcaroamoyi or a group cf the formula 



n Tich R' : and R'* each represent alkyl. 

17 Ammo acid derivatives according to any one of claims i 'o '* for use as :heraoeuticaiiy ac::ve 
sucstances. 

18. Ammo acid derivatives according to any one of claims 1 to 14 for. use >n the treatment : 
Drocnyiaxis of virai <nfec:ions. 

19 A process for the manufacture of a comoound <n accorcance with any one of claims i :c ' ^ tic: 
crccass comonses 

• ai for the manufacture of a comoound of 'crmuia l <n -vmcn n stands for zero, reacting a zomccur 
or re general formula 



0 




(a) 



O 






4 



I I 



Terern R*. R s . R s 



R'. R a and R s have the significance given in claim i. with an acid of the - 3 ere' 



formuia 





*CH COCH 



I t I 
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therein R". R J and R 3 have the significance given in c:aim 1. 
or a reactive derivative tnereof. or 

(b) 'or the manufacture of a ccmcound of 'ormuia l .n wmcn n stands -or Z9rc. R 5 -ecrssar.r 
hydrogen and R s reoresents nydroxy. reducing a oompouna of 'ormuia I n *mcn n stancs 'cr zerc arc R 
ana R* together represent oxo. or 

io for the manufacture of a comccund of 'crmuia i in *mch n stands for zero arc R" -9creser: 
aikanoyi, cycoaikyicarbonyi. araikanoyi aroyi. .neterocyciyicaroonyi, aikyisuicncnyi. aryisuicrcryi. 
namcyi or a- araikoxycaroonyiaminoaikanoyi ana R 2 reoresents nydrcgen or R' ana R 2 rccetrer .vnn :r 
mtrogen atom :o *mch they are attacnea represent a cycnc mice grouo of formuia ai ;iven n : aim 
reacting a comoound of the general formula 



«nerem R 3 . R 4 . R 5 . R*. fl ; . R s and R' have the significance given m ctaim i. 

with an agent yielding an aikanoyi. cyeoaikyicaroonyl. araikanoyi. aroyi. heterccycyicaroonyi, aikysu- 
cnonyi. aryisuiononyl. cinnamoyt or a-araikoxycaroonyiamino-aikanoyl grouo or w.tn an agent forming a 
cycuc imice group of formula <ai given m ciaim J. or 

i.C) for the manufacture of a comoound of formula I in «nich n stands for zero arc R" -ecreserrs 
moncaraikyicaroamoyi and R 2 -eoresents nyarcgen. -eacting a compounc of formula IV -sven. earner r- -:s 
;:aam with a compound of the general formuia 
R' -N = C = O V 
«rerein R' -ecresents araikyl. 

■e> 'or the manufacture of a ccmcouno of 'crmuia I m wmcn R 3 'soresents aiky:su:crirv aik-.- arc - 
stancs 'or z9ro. oxidizing a comoouna of 'ormuia t n /vnicn R 3 'eoresenis aikyithicaikyi arc - stares :r 
z=rc. or 

.n fcr the manufacture Of a comcounc of 'crmuia I m wmcn n stancs for 1. Oxiaizirg a cc_.-; :: 
formula i in /vntcn n stanas for zero, or 

<g) 'or the manufacture of a ccmocund of 'ormuia I >n *nich n stancs for 1 ana R ■screse-'s ar 
aromatic N-heterocyctyicarOonyi N-oxiae grouo ana R 2 reoresents nycrcgen. oxtaizing a :■ 
'crmuia i <n wnicn n stands for 1 ana R" reoresents an aromatic N-heterocycytcarcony; yz-z ■■- z z - 
reoresents nyarogen. or 

(h> for the manufacture of a oomcouna of 'ormuia l m «nicn n stands for i ar.c R- -=:--asar:s 
aikyisuiohonylaikyl. oxidizing a comcound of 'ormuia I n *nicn n stanas for i arc R J -ec-=srr:s 
alkylsulohinylaikyl. or 

(i) for the manufacture of a ccmcouno or 'crmuia l in -which R' reoresents carooxy-5LCs:.t_- e-z zrz. 
hydroxy-suosntuted aroyi or hyarocnnamoyi ana R 2 represents hyarogen. cataiyticaiiy -•.■croze- a:.- z i 
comoound of formula I in whicn R 1 -eoresents cenzyioxycarbonyi-sudstituted aroyi. cenzv:cxv-?=_cst -:ez 
aroyl or cinnamoyl and R 2 represents nyarogen. or 

for the manufacture of a comoound of formula l m wmch R 3 represents imicaxot-J-v- arc :■ =• 
represents hyaroxy-suPstituted ar/l or -lyaroxy-substituted araikyl and/or R 7 ana R* togetrer -=c-?se-t i 
tnmethyiene or tetramethyiene grouo m wmcn one -CH 2 - grouo .s replaced by -NH-. treatirg a :z-zz_- z :r 
formula l ,n whicn R 3 represents i •<benzytoxycarDonyi)-«miaazol-<*-yl anaor R* reoreserts -er- zu::«v- 
suostituted aryi or tert.butoxy-substitutea araikyi anaor R' ana R' together represent a :r:metr-. e^-? :r 
tetrametnyiene group m wn.cn one -CH 2 - grouo .s reoiaced by -N(tert.butoxy caroonyi)- "<tn a =-.-:-; -z : 
or 

;k> for the manufacture of a comoound of formula l .n which R ; ana R a togetrer rc-^e-t a 
tnmethyiene or tetramethyiene grouo «n.cn .s suostituted oy acylamino or n wmch ore t :.z s 

reoiacea by -Nfacyt)-. acyiating a compouna of the general formula 
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CH, N 



•o ^nerem n. R' R 2 . RJ. R*. R s . R< and R* have the significance given in claim 1 and R 7 ana R d Together 
reoresent a tr.methytene or tetramethyiene group "hich is substituted by ammo or in -vn.cr. one -CH 2 - 
group is repiacea by -NH-. 

ana ° r s i) ,f aesired. separating a mixture of ciastereo.somenc racemates .nto the diasterecscrr.enc 
' 5 racemates or optically pure diastereoisomers. and/or 

<m> .f desired, separating a m.xture of aiastereo.somers -mo the optically pure aiasterecisomers. 

3na0r | ;n) if desired, converting a compound of formula l obtained into a pharmaceutical^ accsptaDte acd 
addition salt. 

20 

20 A crocess according to claim 19 wherein compounds of 'ormuia I wherein n stands 'or zero. R 3 
-eor-sents aikyi cycioatkyi. aryl. aralkyl. heterocyciyalkyl, cyanoalkyl. aikyithioaikyl. caroamoyiaikyi or 
aikoxycaroonyialkyi and R' and R« together represent a tnmethyiene or tetramethyiene grouo m wn.cn one 
-CH,- grouo can oe replaced by -NH- or -S- or wn.ch can carry a fused cycioaikane. aromat.c or 

JS hetercaromatic ring and their pharmaceut.caily acceptable acd section salts are manufactured according to 
embodiments (a). <b>. t'cl. <d) and/or (n). 

21 A medicament containing an ammo aod der.vat.ve according, to any one of claims i to arc a 
•heraoeuticaily mert excoient. 

22 A medicament for the treatment or oroohylax.s of v.rat infections, containing an ammo ac. 
.-envanve accorcmg to any one of claims i to i * and a therapeutically inert excpient. 

23. The 'jse of an ammo acid derivative according to any one of cairns i to 14 ,n the tcrtrct :r 
crevent!on of Presses. 

24 The use of an ammo acid derivative according to any one of claims i to i* m tne treatment 
crccnyiaxis of viral infections. 

25. The use of an ammo acid derivative according to any one of claims i to 1 4 for the manutacture -v a 
mecicament 'cr the treatment or proonyiaxis of v.rai infections. 

Claims 'or tne following Contracting State: 65 

■10 

i A process for the manufacture of comoouncs of tne general formula 

T \ TV 8 



I 

R 



>3 R^\« 



«nere.n n stands for zero or 1. R 1 represents alkoxycarbonyt. aralkoxycarbonyl. a.kanoyl. cyccamvc-r- 
oonyi. araikanoyl. aroyi. heterocyc.ylcaroony, aiky.su.ononyi. arylsu.phonyl. ^ 
,amoyi or a-araikoxycardonyiamino-alkanoyi and R* represents nydrogen or R and a* together *,t.. . 
nitrogen atom to wh.cn they are attached represent a cyclic im.ce group of the formula 
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N — 

0 

,n wmcn P andQ together represent an aromatic system: R 3 represents aikyi. r/cfcaikyi. aryi. araik 
heterocyclylaikyl. cyanoaikyl. aikyisuipmnytaikyl. carOamoytaikyl or aikoxycaroonyiaikyi or. *nen n star- 
for zero. R 3 can also represent alkytthioaikyi or. wnen n stands for 1. R 3 can also reoresent aikyisuioncny:, 
*<yl-"R* represents alkyl. cycloatkyl. cycioaikyiaikyl, aryl or araikyi: R s reoresents ivcrccen arc 
^presents hydroxy or fl* and R' together represent oxo: R' and R* together represent a tnmeiny.er.e 
■etramethyiene group wh.cn is optionally suostitutea by hydroxy, aHcoxycaroonyiam.no or acytarr.no zr 
«n,ch one -CH a - group >s replaced oy -NH-. -N(alkoxycarbonyi)-. -NfacyO- or -S- or •-men canes a -_s 
cycioalkane. aromatic or heteroaromatic ring; and R s represents aikoxycaroonyi. monoaiky-carcamc 
-ncnoaralkyicaroamoyl. monoarylcardamoyi or a group of the formuia 

NH .CO 

/ ^ / \« a 11 
-CO CH MH R 



n which R' c and R" each represent aikyi: 

ana pnarmaceut.cailv acceotaole acid ado.t.on salts thereof, which process comonses 

;a> for the manufacture of a compound of formula t m wn.cn n stands for zero, react:.' 
of the general formula 




«nere.n R 4 . RV R«. R'. R* and R s nave the significance given apove. 
with an acid of the general formula 




*nerem R\ R 2 and R 3 have the significance given adove. 
or a reactive derivative thereof, or 

,b> for the manufacture of a comoouno of formula I in wn.cn n stands for ;erc 
nyorogen and R s reoresents hydroxy, reouc.ng a compound of formula I m wnicn n stares •■ 
and R s together represent oxo. or 
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(c) For the manufacture of a compound of formula I in wmch n stands for zero ana R' -ecresents 
alkanoyl. cycloaikylcarbonyl. aralkanoyl. aroyl. heterocyclyicaroonyl. aikylsulphonyi, aryisuicnonyi. :m- 
namoyl or a-araikoxycarbonyiammoaikanoyl ana R J represents nydrogen or R 1 and R 2 together «un :re 
nitrogen atom to which they are artacnea represent a cyclic ;mide group of /ormuia fa) given m c:aim i 
-eacting a compound of the general formula 



wherein R 3 . R\ R* , R s . R'. R» and R' have the significance given above. 

/vith an agent yielding an alkanoyl. cycloaikylcarbonyl. araikanoyi. aroyl. heterocyctylcarbonyi. aikyisut- 
phonyi. aryisulphonyi. cinnamoyl or a-aralkoxycarconyiammc-aikanoyl group or with an agent forming a 
cyclic imtde grouo of formula (a) given earlier m this claim, or 

;d) for the manufacture of a compound cf 'ormuia 1 m which n stands for zero and R" -eoresems 
monoaraikylcarbamoyl and R 2 represents nydrogen. reacting a compound of formula iv given earner m this 
claim with a compound of the general formula 
R 1 -N = C = 0 V 
wnerein R' represents aralkyl. 
or 

<e) for the manufacture of a compound of formula I in whicn R 3 represents aikyisulDhinytalkyi arc n 
stands for zero, oxidizing a compound of formula l m whicn R J represents aikyithioaikyl and n stares 'cr 
zero, or 

if) 'or the manufacture of a comoound of 'crmula I m «mch n stands for 1. oxidizing 3 ccmcarc 
'ormuia l >n whicn n stands for zero, or 

q) for the manufacture of a compound of formula I m «nicn n stands for 1 and R" -ecresents an 
aromatic N-neterccyciyicarconyi N-oxice ;roup and R 2 reoresants nydrogen. oxidizing a ::mca.-c :f 
'ormuia 1 <n which n stands for 1 and R' represents an aromatic N-neterocyclyicaroonyi grcuo arc =. ; 
•-eoresents hydrogen, or 

,h) for the manufacture of a compound of formula 1 in which n stands 'or 1 and R 3 -ecreserts 
aikyisuipnonyiaikyi. oxidizing a comoound of -ormuia I <n wnicn n stanas for I ana R 3 -?oreser's 
aikyisuiohmyialkyi. or 

ri) 'or the manufacture of a comoound of 'ormuia l <n «nicn R : presents carpoxy-sucs-itutec ar-v 
nycroxy-suostituted aroyl or hydrocmnamoyi ana R 2 represents hydrogen, catalyticaily hydrogeratirg 
•comoound of formula I in which R' represents oenzyioxycaroonyl-substituted aroyl. benzyloxysuos;;tu:ec 
aroyl or cinnamoyl and R 3 represents hydrogen, or 

(j) for the manufacture of a compound of formula 1 >n which R 3 reoresents .midazol-i-yi anc :r R' 
represents hydroxy-substituted aryi or hydroxy-suostituted aralkyl and/or R' and R* togeiner represent 
tnmethylene or tetramethyiene group m whicn one -CH 2 - group >s replaced by -NM-. treating a comccunc ; 
formula I in which R 3 represents 1 -<benzyioxycaroonyi)-.mioazoi-4-yi and/or R* represents ten.cuicxy 
substituted aryl or tert.butoxy-substituted aralkyl andvor R ; and R* together represent a tnmethyiene : 
tetramethyiene group m which one -CH 2 - grouo s replaced by -N(ten.butoxycarbonyl)- with a strong ac:c 
or 

(k) for the manufacture of a comoound of formula l in which R' and R* together -ecresert 
tnmethyiene or tetramethyiene group which is sucstituted by acylammo or m wnicn one -CH 2 - grcLC 
replaced oy -N(acyi)-. acyiatmg a compound of the general formula 
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X CH X NH CH 



wherein n R' R 2 R3. RV R s . R* ana R s nave the significance given above and R 7 and R d together 

represent a tnmetnyiene or tetramethy.ene group «n.cn .s suosmuteo by ammo or ,n wh.cn one -CH-- 
grouo is replaced by -NH-. 

anQ/0r (n if desired, separating a m.xture of diastereo.somenc racemates into the ciastereo.scrr.erx 
racemates or optically pure diastereoisomers. and/or 

(m» if desired, separating a mixture of diastereoisomers into the optically pure diastereo.scmers. 

^^^'(n) if desirea. converting a compound of 'ormu.a l obtained into a pharmaceutical^ acceotaDie ac:d 
addition salt. 

2 A process according to claim i . «nere.n comoounos of formula I wnere.n n stands for zero. R : 
reoresents aikyl. cycioalkyi. aryi. araikyi. neterocyciyia.ky.. cyanoa.kyi. aikyith.oa.kyi. carbamoy.alkyi zr 
alkoxycaroonylalkyt and R' and R* together represent a ^methylene or tetramethylene grouo m which one 
■ChJ group can be replaced by -NH- or -S- or ~h.cn can carry a fused cyc.ca.kane. aromanc or 
neteroaromatic ring and the.r pharmaceutical acceptaoie aod addition salts are manufactured according :o 
embodiments (a). \b), (c). (d) and.or im. 

3 A process according to claim . or claim 2. wherem R' represents aikoxycarbonyi. ara.ko.vcartcnv 
aikanoyl cycioalkyicartsonyl. araikancyi. aroyl. heterocyciy-carbony. zr a -ara.koxycaroon Y .am.nc-a.<arcvj. 
oreferabiy benzyioxycaroonyl. 2-naonthoyi. 1 -nyaroxy-2-oaonthoyl. 3-hydroxy-2-naonthoyi. .-cenzrco-*- 
^ac-mhoyi. 2-au.nolyicaroonyi or 3-gu.nciyicarocnyl. and R 2 reoresents hydrogen. 

x A process according to any one of darns i to 3. "herein R 3 reoresents *<y, ryar.caiKv. 
a.kyitn.oaikyi or caroamoyia.kyl. preferaoiy cyanometnyi. metny.th.omethy. or caroarnoyimetny.. 

5 A orocess according to any one of cams i to *. «nere.n R* reoresents aralkyl. preferac.y zerz-r 
3. A orocess according to any one of ::a,ms i to 5. «nere.n R* represents nyorogen and R* -ecreser-s 

*' G Tl orocess according to any one of claims i to 5. *nerem .N<R')-CH(R«><R') reoresents :r.e :■ -e 
following groups 
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J V 

\ / 

/ 



(d) 



1» 



<£) 




1 1 

A 9 

(!>> 



wnerem R- nas the s.gn.ficance g.ven in da.m i. fl'= represents nydrogen. hydroxy, aikoxycaroonyarr.rc 
or acy.am.no. R 13 represents hydrogen, aikoxycarbonyi or acyi. m stages for i or 2 and p stands :cr ■ .r _ 
preferamy a group of formula (O .n wh.cn R'* represents hydrogen and m stands for 2 or R ' 
'ert outoxycaroonyiam.no and m stands for i. a group of formula (0> <n ~n.cn R 
lerOutoxycarOonyl. a group of formula <e> .n wmeh m stands for t. a group of formula (f) .n wn.< 
ooth stand for i or a group of formula (g). (i) or ij). 



ecrese^ts 
ecraser-s 
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8. A process according to any one of claims i to 7. wherein R s represents aikoxycarbonyi. moncaikyi- 
carbamoyt or a group of formula (b) given in claim i. preferaoly tert.butoxycaroonyi. ■sooutyicaroamcy 
tertburylcaroamoyl or a group of formula (b) given m claim i m wnich R'° represents sec.outyi anc =>" 
represents isobutyi. 

9. A process according to any one of claims i to 3. wnerein R' reoresents benzyioxycarocny. 2- 
r-aphtnoyl. 1 -hydroxy-2-naphthoyl. 3-hydroxy-2-naonthoyi. 3-denzyioxy-2-naonthoyl. 2-ouinolyicaroonyi or 3- 
Gumolylcarbonyl and R a represents Hydrogen, R 3 represents cyanomethyi. methylthiomethyi or carcamcyt- 
metnyt. R* reoresents benzyl. R s reoresents hydrogen ana R s reoresents hydroxy and -N(R ; i-CHWR 1 '(R- ) 
reoresents a grouo of formula (O given m claim 7. in wnich R :J represents nydrogen and m stands 'or 2 or 
R' J represents tert.butoxycarbonyiarnino and m stanas for i. a group of formula <o) given m c:aim " n 
-vhicn R' 3 represents tert.butoxycarbonyi. a grouo of formula (e) given m claim 7 in wmcn m stanas ; cr ' a 
group of formula (f) given m claim 7 in which m and p doth stand for i or a group of formuia igj. w :r :1 
given m claim 7 and R' represents tert.butoxycarbonyi. isooutyicaroamoyl. tert.outyicaroamoyi or a ;rcuc of 
'ormula (b) given m claim 1 m which R'° represents sec. butyl and R ,: represents isobutyl. 

10. A process according to claim i. wherein N-tert.butyl i-{2(R)-hydroxy-4-pnenyi-3(SH[N-<2-:uirciy«- 
carbonyi)-L-asoaraginyl]aminoibutyl]-2(SVpip9ridinecarooxamide <s prepared. 

ii a process according to claim 1. wnerein N-tert.butyi-octanydro-i -[2{R)-hydroxy-4-onenyi-3(S)-([N-2- 
cuinolyicarbonyl)-L-asparaginyl]aminoibutyi]-(3aS.6aS)-cyclooema(b]pyrroie-2(Si-carooxamiGe >s precarea. 

12. A process according to Claim i, wnerein N-tert. Butyl- ' 2.3.4-tetranycro-2-{2(RVhydroxy-i-orer.yi-3- 
<SH[N-(2-auinolyicaroonyi)-l--asparaginyi]aminoibutyi]pyndo(3.4-blindoie-i(R or 5)-carboxamice s -re- 
cared. 

13. The use of an amino acid derivative of formula I set forth in claim i or a oharmaceuticaiiy 
acceotade acid addition salt thereof for Tie manufacture of a medicament for tne treatment or oropnyaxis 
of viral infections. 

Claims for the following Contracting State: GR 

i. A orocess for :he manufacture of ccmoounos of the general formula 

<0 fV 7 . 



\r«^ NH J= 



«nerem n stands for zero or i; R' represents aikcxycaroonyi. araikoxycarconyl. aikanoyi. cyc:oaiK-. 
oonyl. araikanoyl. aroyl. heterocyclylcaroonyl. aikyisuiohonyi. arylsuiononyi. monoaraikycarcamcvi 
namoyl or a-aralkoxycarbcnyiammo-aikanoyi ana R 2 represents nydrogen or R' ana R : tcgetrer «nr 
nitrogen atom to which they are attacnea reoresent a cycic miae grouo of the formula 



1 / 



,n wmcn P and Q together reoresent an aromatic system: R 3 reoresents alkyl. cycioaikyi. aryi. ara 
heterocyciyiaikyl. cyanoalkyl, alkyisuionmyiaikyl. carDamoyiaikyl or aikoxycaroonylalkyl or. «nen - ;:a 
f or ;ero. R 3 can aiso reoresent aikyith.oaikyi or. wnen n stands for 1. R 3 can also represent aikysuicrcr- 
kyr. R 1 represents aikyl. cycioaikyi. cycoaikylaikyl. aryl or aralkyl: H* represents hycrcgen arc 
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represents hydroxy or R* and R s together represent oxo: R 7 and R* together represent a trimetnyiene or 
tetramethylene group which is optionally substituted by hydroxy, aikoxycaroonytammo or acyiam.no or n 
which one -CHi- group is replaced by -NH-. -NfalkoxycarbonylK -N(acyi)- or -S- or which carries a fused 
cydoaikane. aromatic or heteroaromatic ring; and R 1 represents aikoxycarocnyi. monoaikyicaroamoyi. 
monoaralkyicarbamoyl. monoarytcarbamoyl or a grouo of the formula 

NH CO^ 
-CO^ CH NH R 11 ... 



n wnicn R' 5 and R'" each represent alkyl; 

and pnarmaceuncaily acceotaole acid addition salts thereof, which process comonses 

<a> 'or :he manufacture of a compound of formula I .n which n stands for zero, reacting a csmocunc 
of the general 'crmuia 

*nerem R\ R ; . R*. R 7 R s ana R 5 f^ave the significance given above. 
«ith an ac:c c< :ne general formula 



a- — \j 

CH C30H 



-ecrese'- 



-vherem R'. R 2 and R 3 have the significance given above. 
zr a reactive derivative thereof, or 

( b> for the manufacture of a compound of formula i .n wh.cn n stands for zero. R- . . 
hydrogen and R« represents hyaroxy, reduc.ng a compound of formula I m wn.ch n stands ror -ero arc ■ 
and R' together represent oxo. or 

tc) for the manufacture of a compound of 'ormuia i .n which n stands for zero ana R .-aorese- 
aikanoyl. cyctoaiky.carbonyl. aralkanoyl. aroyi. neterocydyicar.bonyl. alkyisulphonyl. aryisuicncny- :. 
namoyi or a-araikoxycarbonylam.noa.kanoyi and R 2 reoresents hydrogen or R 1 and R» together «-tn ■ 
nitrogen atom to wn.cn they are attached reoresent a cyclic :m.de grouo of formula ia) g.ven eaner - 
, claim, reacting a compound of the general formula 



55 



EP 0 346 847 A2 




.1- 

wherein R 3 . R*. R s . R 4 . R', R* and R* have the significance given above. 

with an agent yielding an aikanoyi. cycloait<ylcaroonyl. araikanoyl. aroyi. neterocyciyicarccnyi. aikysu.- 
ohonyl. arylsulphonyl. cmnamoyl or a -araikoxycaroonyiamino-aikanoyi grouo or with an agent 'erring a 
cyclic imide group of formula (a) given earlier m this claim, or 

(d) for the manufacture of a compound of formula l m *mcn n stands for zero ana R' -eoresents 
monoaralkylcarbamoyi and R 2 represents hydrogen, reacting a compound of 'ormuia iv given earner n -.s 
claim with a compound of the general formula 
R' -N =C =.0 V 
wherein R' represents araikyi. 

° r fe> for the manufacture of a comoound of formula I m wn.ch R 3 represents aikyisuicnmyiaikyi arc i 
stands for zero, oxidizing a compound of formula I m wn.cn R 3 represents aikyithioaikyi and n stanos 'cr 
zero, or 

(f> for the manufacture of a comoound of formula ! .n wmcn n stanas for i oxidizing a comcounc :f 
formula I m which n stands for zero, or 

(g, for the manufacture of a comoound of formula I m wmcn n stanas for i and R 1 -eoresents an 
aromatic N-heterocyclylcaroonyl N-oxide group ana R 2 reoresents hydrogen, oxiaizing a :=moourc :r 
formula l m wmch n stanas for i and R' represents an aromatic N-heterocyciyicaroonyi ;rcuo ara 
represents hydrogen, or 

(h) for the manufacture of a compound of 'ormuia l n *hicn n stands for 1 anc -er;re;e-:s 
aikyisulohonyiaikyl. oxidizing a compound of formula i .n «mcn n stancs for t ana R 3 -ecrese-vs 
aikyisuiphmyiaikyl. or 

<i) for the manufacture of a comoound of 'ormuia l -n -vn,cn R" ^presents carooxy-sucsti:-;ec ar:v 
hyaroxy-suostituted aroyi or hyarocnnamoyi and R 2 reoresents nyorogen. cataiyticaily -.ycrcgerai!.-.; a 
■ ;ompouna of formula l m wmch R' represents benzyioxycaroony.-suostitutea aroyi. cenzrcxy-5_cs;::.:ec 
aroyi or cinnamoyi and R 2 reoresents hydrogen, or 

fj) for the manufacture of a comoounc of fcrmuia l m wr.icn R 3 reoresents imidazoi"*-yi arc 
represents hydroxy-suostituted aryt or nydrcxy-suostituted araikyi and. or R ; ana R* tcgetr.er -eceser: a 
■.nmetnylene or tetramethyiene grouo m wmcn one -CH 2 - grouo -s .-eoiaced by -NH-. treating a :=rr=c--r: :• 
'ormuia I in which R 3 represents 1 -'benzy.oxycarocnyiHmioazoi-t-yi ana or R* reoresents :ert =-::<•.- 
substituted aryt or terrbutoxy-substituted araikyi ana/or R' and R« together represent a tnmetr.y.ere :- 
tetramethyiene group m wh.cn one -CHj- grouo is replaced by -N(tert.outoxycaroonyi)- «-tn a strcrc. a:.- 

° r (k> for the manufacture of a comoound of formula l m wmcn R' ana R" together -ecreser: a 
trimethytene or tetramethyiene group wnicn <s suostituteo by acyiammo or in «n,cn one -Ch : - yz>-z s 
1 replaced by -N<acyiK acyiating a comoouna of the general formula 

R 2 » 4 <2'n V' 
1 .„ 1/ -8' 
CO XH .CH, N R 



R 3 R^ \« l» 



therein n. R\ R 2 , R 3 . R*. R 5 . R s and R* nave the significance given aoove ana R 
represent a tnmethyiene or tetramethyiene grouo -vn.cn ,s suDstitutea by ammo or ,n 
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grouo '3 replaced by -NH-. 
ana/or 

(I) if desired, separating a mixture of diastereoisomenc racemates .nto the -.astereo.somenc 
racemates or optically pure diastereoisomers. ana/or 

v m> .f desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers. 

an<3/0r ( n. ,f desired, converting a compound of formu.a I obtained into a pharmaceutical acceptable ac:a 
addition salt. 

2 A process according to claim 1. wherein compounds of formula l where.n n stancs for zero. W 
represents aikyl. cycioaikyl. aryi. araikyi. heterocyc.y.a.kyl. eyanoailcyl. aiky.thioalkyl. caroamoyia.kyi or 
a.koxycaroonyialky. and R' and R« together represent a tnmethyiene or tetramethyiene group ,n ~n.cn ore 
S Z ^ ^e rep.aced by -NM- or -S- or which can carry a fused cydoa.kane. aromatic or 
neteroaromauc ring and the.r pharmaceutical acceptao.e aod addition salts are manufactured according to 
em„s «a, £M^> rJ ^ , wnere , n R , .presents alkoxycarbonyi. araiKo-ycarbon y.. 

aikanoyi cycloaikytearbonyl. aralkanoyl. aroyi. heterocyciyicarbonyl or a-aralkoxycarbonyiammo-aikanoyi. 
vZw wLiCvJn*. 2-na P h,hoyl. , -hydroxy-2-naphthoyl. 3.hydroxy. 2 -naphthoyl. 3-ben 2 ylo*y- 2 - 
raomnoyi. 2-qu.noiylcarOonyl or 3-qumoiyicarbonyl. and R 2 represents nydrogen. 
, 4 A process according to any one of c:a,ms i to 3. where.n R3 represents aikyi. cyanoaikyi. 
aikylth.oaikyi or carbamoylaikyi. preferably cyanomethyl. methyithiomethyl or caroamoy.metnyl 

Process according to any one of cia.ms i to 4. -«n.r..n R* represents araikyl. preferaoly benzyl. 
3. A process according to any one of clarne - » 5. where.n * represents hydrogen and R s represents 

, hVd 7 X A Process according to any one of claims , to S. where.n .N(R')-CH<R« M fl»> represents one of the 
following groups 
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wherein R 1 has the significance given m claim i. R' 2 reoresents hydrogen, hydroxy, aikoxyc 
or acyiammo. R' 3 represents hydrogen, aikoxycarbonyl or acyl. m stands for i cr 2 and o star 
preferably a grouo of formula (c) m whicn R' 2 reoresents hydrogen and m stands for 2 :r => 
tea dutoxycaroonyiamino ana m stands for i . a group of formula (d) m whicn R 
tert.Dutoxycaroonyl. a group of formula (e) <n wmcn m stanas for 1. a group of formula <H n ~ 
both stand for I or a group of formula (g). (i) or ij). 
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8. A process according to any one of claims 1 to 7. wherein R' represents alkoxycarc-onyi. monoaikyi- 
carbamoyi or a group of formula (b) given in claim i. preferaoly tert.butoxycaroonyl. isooutyicarteamoyi. 
tert.butylcartoamoyl or a group of formula (b) given m ciaim 1 in which R' a represents sec.butyi and R" 
represents tsobutyl. 

9. A process according to any one of claims 1 to 3. wnerem R 1 represents benzyioxycaroonyi. 2- 
napntnoyl. 1 -nydroxy-2-napnthoyl. 3-hydroxy-2 naonthoyl. 3-oenzyloxy-2-naphtnoyl. 2-quinolylcarOonyi or 3- 
qumoiyicarOonyi and R 2 represents hydrogen, R 3 represents cyanomethyl, methyithiomethyl or carbamoyi- 
metnyt. R* represents benzyl. R s represents hydrogen and R* represents hydroxy and •N(R r )-CH(R 4 vR'i 
represents a group of formula (c) given in claim 7. m which R' 2 represents hydrogen and m stands 'or 2 or 
R' J represents tert.butoxycaroonylamino and m stands for 1. a group of formula (d) given m claim " n 
«mcn R' 3 represents tert.butoxycarbonyl. a group of formula (9) given m claim 7 in which m stands for ' a 
group of formula (f) given in claim 7 in which m and p both stand for 1 or a group of formula ig). (i) or ;j) 
given m claim 7 and R* represents tert.butoxycaroonyl, isobutyicarbamoyl, tert.butyicarDamoyl or a group :f 
formula ib) given in claim 1 m which R'° represents sec.butyi and R" represents isobutyl. 

10. A process according to claim 1. wherein N-tert.butyi H2(R)-hydroxy-4-pnenyi-3(SH[N-(2-quinoiyi- 
carconyi)-L-asparaginyl]aminojburyi]-2(S)-piperidinecarcoxamice is prepared. 

1 1 . A process according to claim 1. wherein N-tert.butyl-octanydro-1 -(2(R)-hydroxy-4-ohenyl-3(S)-[(N-i2- 
auinoiyicaroonyl)-L-asparaginyllamino]butylH3aS.5aS)-cyciooenta(bipyrrole-2(S)-carooxamide is prepared. 

12. A process according to claim 1. wherein N-tert. Butyl- ' 2.3.*-tetrahydro-2-{2(R)-hydroxy-4-phenyl-3- 
(SH{ N-f 2-ouinoiyicaroonyl)-l.-asparaginyi]amino]butyllpyrido(3.-i-b]indole-i (R or S)-carboxamioe is pre- 
pared. 

13. A process for the manufacture of a medicament, particularly to be used in the treatment or 
propnyiaxis of viral infections, which process comprises bringing an ammo acid derivative of formula I set 
forth >n ;:aim i or a pharmaceutical^ acceptaoie acid addition sait thereof into a galenical dosage form. 

;4 Compounds of the general formula 

« 4 > 

1 c- ^ - 3 



5i n R -eoresents hydrogen or the group 



R 3 -eoresents alkyl. cycloalkyl. aryl. araikyl. heterocyciyiaikyi. cyanoaikyi. alkyithioaikyl. alkyisuionmyiaikyi. 
carbamcylaikyl or alkoxy carbonylaikyl: R* represents alkyl. :yc:calkyl. cyctoalkyialkyl, aryl or araikvi; R* 
represents hydrogen and R 6 represents hydroxy or R 5 and R' together represent oxo; R ; and R a together 
represent a tnmethylene or tetramethyiene group wmch >s optionally substituted by hydroxy, aikoxycar- 
aonyiamino or acyiammo or m whicn one -CHj- group is replaced oy -NH-, -N(aikoxycarbonyi)-. -NfacvO- v 
-5- or *hich carries a fused cycloaikane. aromatic or heteroaromatic ring; and R' represents aikoxycar- 
bonyi. monoaikyicaroamoyi. monoaraikyicarbamoyi. monoaryicaroamoyl or a group of the formula 

NH .CO 

-co' ca nh — a 
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in which R'° and R n each represent aikyl. 
1 S. Compounds of the general formula 




v: 



therein n stands for zero or 1; R' represents alkoxycarbonyl.aralkoxycarbonyl. alkanoyi. :yc:oaikyicarconyi. 
aralkanoyl. aroyl. heterocyclylcarbonyl. alkylsulphonyl. aryisulphonyt. monoaralkylcardamoyi. ::nramoyi zr 
a-aralkoxycarbonylamino-alkanoyi and R 2 represents hyarogen or R' and R 2 together with :he nitrogen atcm 
:o which they are attacned represent a cyclic imide group of the formula 



m wnich P and Q together represent an aromatic system: R 3 represents alkyl. cycoaikyi. aryi. araikvi. 
neterocyciyiaikyl. cyanoalkyl. alkylsuiphinylalkyi. carbamoyiaikyl or aikoxycarbonyiaikyi cr. -ven -i =:arcs 
for zero. R 3 can also reoresent alkyithioalkyl or. wfien n stands for i. R 2 can also represent aikv^s^crc-v a.- 
<yl: R* represents alkyl. cycloalkyl. cycloaikylalkyl. aryl or aralkyl: R s represents ->ycrcgen irz =' 
reoresents nycrcxy or R* and R s together represent oxo: R 7 and R 9 together reoresent a :nrretr rs-e ;r 
tetramethyiene grouo wnich is substituted by ammo: and R' reoresents aikoxycarocnyi. -rcnca.Kv car- 
bamoyl, monoaralkylcaroamoyi. monoaryicarbamoyl or a grouo of the formula 



O 




O 




,co, 



\ 




— CO 



CH 



NH 




( b) 



m which R'° and R 1 ' each represent alkyl. 



69 



